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The Urbana-Champaign Sanitary District waste treatment plant was
chosen for this study to evaluate the potentiality of aerobic waste treatment
plants as breeding sites for nematodes and to locate the unit processes and
operations that were more favorable for such breeding. The nematode concen-
trations at various locations in the treatment plant were monitored for one
year„ The results of a one year survey have shown that the raw sewage eon-
:inuously supplied nematodes to the waste treatment plant and that considerable
reproduction occurred within the plant. Primary and secondary clarifiers as
well as primary and secondary digesters assisted in removing nematodes from
the waste
o
Nematodes were unable to survive in anaerobic processes Both
activated sludge and trickling filter processes were breeding sites for nema-
todes, trickling filter beds being the most suited* A simple correlation of
the nematode population in the final effluents of the waste treatment plant with
various physical, chemical and biological characteristics of the waste at dif-
ferent stages of treatment was made using a computer The nematode content
of the final effluents, in general, showed little, if any, correlation with
the waste characteristics
To obtain basic data regarding the factors governing the survival
and growth of nematodes in these environments, closely controlled laboratory
studies were conducted with two pure cultures of nematodes, Diplogasteroides
HL. and £iEi2i£Iter nudicapitatus. The genus Diplogasteroides predominate in

aerobic waste treatment plants, while Diplogaster nudicapitatus represented a
genus that was commonly found in plants as well as in surface waters. They
were grown axenically on a buffered liquid synthetic medium consisting pri-
marily of casein and serum along with antibiotics to prevent the growth of
other microorganisms
.
As a base for comparison, growth curves were obtained
for both species in the synthetic medium at room temperature with a pH of 6 o 8
The general shape of the growth curves was found to resemble the classical
growth curve
.
However, closer inspection revealed the curves to be "scalloped'
with the distance between "humps" corresponding to the egg to egg period of
the organisms
o
This observation was confirmed by determining the time which
elapsed between the birth of a female nematode and the time she began having
young The shape of the curves was further correlated with the egg laying
pattern of the organisms. Under these base conditions, the egg to egg period
0f DipJ-Qgasteroides sp was found to require 7 to 8 days while that of Diplo-
gaster nudicapitatus was 4 to 5 days The influence of various environmental
conditions on nematode growth was evaluated by a comparison with the "base"
growth curves on the basis of three parameters? the rate of growth, the time
of maximum growth, and the nematode yield at maximum growth.
The environmental factors included in the investigation were as
follows s
1. area of culture container,
2. agitation,
3 temperature,
and
*+o pH„
The rate of growth of Diplogaster nudicapitatus was independent of the area
of the culture container while Diplogasteroides sp^ demonstrated area depen-
dency, in agitated cultures Diplogaster nudicapitatus reproduced at a higher

rate while the growth rate of Diplogasteroides sp^ was slightly reduced
.
Diplogaster nudicapitatus was observed to be more resistant to temperature
:hanges 9 whereas Diplogasteroides sp^ was found to be more resistant to pH
Variations. Both species failed to reproduce at temperatures of 10° and
35°C; temperatures in the vicinity of 20° to 25°C were most suited for repro-
iuction, A range of pH values between 5 and 9 showed no deleterious effect
m the rate of reproduction of Diplogasteroides sp^, the corresponding pH
\ange for Diplogaster nudicapitatus was between 5 and 8„
With an aim to obtain basic information regarding the factors
governing the survival and growth of nematodes in sewage treatment plants and
iurface waters the results of the laboratory and field studies were correlated.
:ooler months were found to be favorable not only for greater reproduction of
ematodes but also for prolonged persistence of the organisms in surface
aterso Since waste treatment plants are the primary source of large numbers
f free-living nematodes in surface waters, control measures to prevent nema=
ode reproduction within the plant are suggested
. Treatment methods should be
ought to control their presence before they enter the plants. Thus, nema-
odes would not have the opportunity to build up by reproduction during
srobic treatment.
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GENERAL INTRODUCTION
The occurrence of free^living nematodes in the water distribution
systems of several cities has been of concern in recent years . Incidences of
these organisms passing through water treatment plants and surviving chlorina-
tion have been reported in both technical and nontechnical publications
.
Regardless of the effect of free-living nematodes in treated waters , water
containing these microscopic organisms cannot be considered to be of high
quality
o
Nematodes have been found in many surface waters, in varying
abundance 9 and their presence in well waters has been demonstrated where
surface water contamination was possible (1) The presence of these nematodes
in any water, like the presence of a high population of bacteria , raises
serious questions about the quality of the water. Furthermore , nematodes are
known to feed upon bacteria or to prey upon other organisms that are bacterial
feeders
„
Therefore, it is not surprising that these free-living nematodes
generally thrive better in waters having a high bacterial count. Consequently,
their number may have some value as an index of raw water quality.
The presence of these worms in water supplies creates problems 9 the
significance and severity of which cannot be fully evaluated with the present
state of our knowledge. In addition to the obvious aesthetic significance,
other problems have been associated with the existence of nematodes in potable
waters. Nematode excreta has been suggested as a possible cause of taste and
odor problems and intestinal disturbances (2)„ Furthermore the possibility of
nematodes ingesting pathogenic bacteria or viruses and protecting them from
the usual chlorination procedures has been demonstrated (3).
In order to develop and practice control measures for aquatic free-
living nematodes 9 additional information is required. The existing technical

literature deals mostly with plant- and antiparasitic nematodes. Because
many of these parasitic nematcdes are highly specialized, it is difficult tc
transfer and interpret physiological data obtained from experiments with the
parasitic forms to the free-living nematodes found in water suonlies. However,
due to the scarcity of data on free-living forms, many investigators have
attempted to extrapolate these data from the parasitic forms to free-living
nematodes.
With regard, to natural and waste waters, as well as treated water
supplies, extensive study is needed on the source of free-living nematodes,
their ecological distribution/ their nutritional requirements, their popula-
tion dynamics in relation to environmental factors, their public health signif-
icance, and their possible value as indices of raw and treated water quality.
Accumulation of such knowledge will obviously lead to the development of
suitable methods for controlling their existence in natural waters and for
their removal from water supplies.
The present investigation had two major objectives. The first was
the evaluation of aerobic waste treatment plants as a potential breeding site
for nematodes and determination of the specific locations in the plant where
this breeding occurred. The second objective was the characterization of the
two predominant species found in the treatment plant and to study the effect
>f environmental conditions on their growth characteristics.
A local waste treatment plant was chosen for the first section of
:his study. The second section was conducted in the laboratory under controlled
editions. Because of the nature of the work these two sections are treated
eparately. However, these two phases are discussed jointly so as to corre-
ate the laboratory and field data.

II. NEMATODES IN AEROBIC WASTE TREATMENT PLANT
A. Present State of Knowledge
The occurrence of nematodes in treated water sunplies and in wastewater
has been known for many years. In 1918, Cobb (2) reported the occurrence and
possible breeding of nematodes in slow sand filters. Hausman («0, working at
the Sewage Substation of the New Jersey Agricultural Experiment Station in 1923,
has discussed the presence of nematodes as a part of the fauna of trickling
filters. Interest in this subject gradually declined until Chang et al . (5) in
1959 reported the existence of free-living nematodes in the finished water of a
utility employing rapid sand filtration. Findings of a survey (6) conducted in
1960 for free-living nematodes in 22 city water supplies indicated that these
worms are relatively common in municipal water supplies obtained from surface
sources. Of the 22 treated supplies examined, 16 contained nematodes. Rivers
were a source for 14 of these 16 supplies. It was believed that the nematodes
in the majority of the finished supplies came from the raw water.
In 1962, Chang and Kabler (7) attempted to ascertain the ratio of the
nematodes found in aerobic sewage treatment plant effluent to the total nema-
tode population in the receiving stream. The nematode load in the 5 effluents
that were discharged directly or indirectly into the Ohio River could account
| about 75 percent of the average nematode population in the receiving water.
This suggested that the majority of the nematodes in this section of the Ohio
River were of sewage treatment origin. A similar survey was carried out at
the University of Illinois on the Boneyard-Saline Branch Drainage system (8),
Significant findings of this study were; 1) subsurface drainage, urban and
wal runoff, and waste treatment plant effluents were sources of nematodes in
irface waters; 2) drainage from urban areas produced higher nematode concen-
trations in streams than did rural drainage; and 3) natural drainage normally

contributed "background" concentrations of nematodes to streams. High concen-
trations were caused by waste treatment plant effluents or similar discharges,
and these concentrations remained significantly high even twenty miles below
the treatment plant.
The relative effect of waste treatment plant effluents upon the
nematode population in any other stream would depend on such factors as the
size and type of the treatment plant, the amount of dilution available in the
receiving stream, and the predominance of nematodes from other sources. It
should, however, be remembered that the nematodes from urban and rural
drainage may enter streams at many points along the flow, while waste treat-
ment plants represent a single point source of nematodes
.
B. Scope of the Present Survey
In the previous section it was shown that waste treatment plants had
been found to be the major source of the nematode population in streams. Con-
sequently, investigations were undertaken to evaluate the potentiality of
aerobic waste treatment plants as breeding sites for nematodes and to locate
the unit processes and operations that were more favorable for such breeding.
The Urbana-Champaign Sanitary District waste treatment plant was
chosen for this study. This plant utilizes both trickling filter and activated
sludge units in parallel, to treat the same domestic waste. This offered an
opportunity to make a comparative evaluation of these two processes as breeding
sites for nematodes. Furthermore, previous studies of the nematode population
m the Boneyard-Saline Branch Drainage System (8,9) were of assistance in
estimating the relative contribution of this treatment plant to the nematode
population in the receiving stream.
The nematode population at various locations in the treatment plant
was monitored for one year from September, 1962, through the middle of

September, 1963
.
Using the data collected for this one year, a correlation of
the nematode population with various physical, chemical and biological charac-
teristics of the waste at different stages of treatment was made,
C, Waste Treatment Plant
lo Location
The Urbana-Champaign Sanitary District waste treatment plant is
located to the east of the city of Urbana on the Danville Road.
2„ Climate
The normal annual temperature which is the average annual temperature
over a specific 30-year period, is 52,7°F„ The normal annual precipitation is
37.0 inches
o The mean annual temperature of the year September, 1962, to
August, 1963, which is the average of the monthly means for the year, was
51.8°F. The mean annual precipitation of the year September, 1962, to August,
1963, was 37,9 inches,
3„ Business and Industry
Besides domestic wastes, industrial wastes discharged by several
industries are treated in this waste treatment plant. The manufactured items
producing industrial wastes include various types of dairy products, vegetable
shortening and salad dressings, soybean meal and oil, and a variety of elec-
tronic products. Of these , the waste produced by the electronic companies are
of little significance,
4, Population
The total population in the cities of Urbana and Champaign which are
served by the waste treatment plant is approximately 100,000, During any

major vacation the population decreases to approximately 80,000.
5„ Plant Layout and Processes
The wastewater of the community is collected in a partially separate
sewer system
.
Some basic plant data for the year 1962-63 are given in Table I
TABLE I
TREATMENT PLANT DATA
Item
Range
Minimum Mean Maximum
Sewage Flow
mgd
5-day BOD (20°C)
6,036 8 422 12 o 759
mg/1 88 232 343
A flow diagram of the treatment plant is shown in Figure 1. The
activated sludge process and the trickling filter operate in parallel and each
unit has its own primary and secondary clarifiers. The activated sludge
process operates on the basis of contact stabilization with separate sludge
reaeration. Fifty percent of the tank volume is used for contact aeration and
the remaining 50 percent of the tank volume is used for sludge reaeration.
The total detention time in the contact aeration and the sludge reaeration
varies between 8 to 10 hours Beginning in June, 1963, a change was introduced
in the operation of the activated sludge process, A portion of the excess
sludge from the final clarifier of the activated sludge system and the super-
natant from the secondary digesters are mixed in a separate tank 9 not shown in
Figure 1, and aeratedo After 24 hours of aeration , this mixture from the
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FIG. 1 WASTE TREATMENT PLANT FLOW DIAGRAM.

separate tank is introduced into the sludge reaeration section. This modifi-
cation is very similar to the Krauss Process. The main objective of this
modification was to obtain efficient settling of the mixed liquor effluent
from the aeration tank in the final clarifier.
The trickling filters are low-rate filters. A portion of the mixed
liquor effluent is recirculated through the filter beds to keep resting periods
to a minimum. Settled sludge from the secondary clarifier of the trickling
filter system is returned to the primary clarifier. Similarly, in the acti-
vated sludge system the excess sludge from the secondary clarifier is returned
to the primary clarifier.
The settled sludge from the primary clarifiers of both the activated
sludge and trickling filter system is pumped to the digester. Sludge digestion
is accomplished in two-stage digesters. Arrangement for mixing is provided in
the primary digesters only. The secondary digesters are heated but the
primary ones are not.
In order to maintain a steady flow of 4 mgd through the activated
sludge process a portion of the mixed liquor effluent from the trickling
filter system is recirculated through the aeration tank.
D» Sampling Locations
Weekly collection and laboratory analysis of samples reported herein
/ere mad a during the period from September, 1962, through September, 1963.
The locations of the sampling stations are shown in Figure 1. Raw
sewage samples collected at Station A indicated the population of nematodes
mtering the treatment plant. Samples collected at Stations B and C indicated
:he new population of nematodes entering the activated sludge tank and trick-
ing filter, respectively. The population obtained at Stations B and C

not include the nematode contents recycled with the return sludge and the
mixed liquor effluent in the activated sludge and trickling filter units,
respectively. Nematode populations obtained at Stations D and E indicated
the numbers leaving the treatment plant after sedimentation in the secondary
clarifier of the activated sludge and trickling filter units, respectively.
Occasional samples were collected from the supernatants of both primary and
secondary digesters as shown by Stations F and G in Figure 1.
E. Experimental Methods and Techniques
1. Sampling Techniques
As reported in a previous paper (8), sampling was done by collecting
5-gallon composites, consisting of 26 grab samples over a period of 20 to 30
minutes. Studies of the effect of sample storage indicated that reliable
nematode counts could be obtained any time within 20 hours following sample
collection, when samples were maintained at temperatures of 15° to 25°C»
Separate samples were collected for bacteriological analyses using sterile
equipment and aseptic techniques. These samples were refrigerated after
sollection
.
2. Nematode Concentration, Staining and Enumeration
The 5-gallon composite samples were mixed on a magnetic stirrer to
s
acilitate removal of representative samples for counting. Nematodes present
in three 250-ml portions were counted separately after extraction and staining,
•rom the mean of these three counts the number of nematodes per liter was
calculated. The nematode extraction, staining and counting procedures were
is follows. Each of the three 250-ml portions was passed through a 5 micron
U) membrane filter. The deposit on each filter was then washed with a minimum
olume of distilled water into a test tube and the volume was made up to 4 ml

10
with distilled water. Two ml of a 2 percent solution of Eosin-Y dye were
added in the test tube so that the final strength of dye in the test tube was
0.67 percent. The tube with the dye was immersed in boiling water for
20 minutes and then cooled
.
In order to remove the excess stain the contents
of the test tube were passed through 5 u membrane filter and washed with 500 ml
of distilled water. The deposit on the filter was then washed with a minimum
volume of distilled water into a counting dish. As a result of heating in the
presence of Eosin-Y dye, nematodes were killed and took up the stain and, thus,
appeared orange-red. Stained nematodes were found to be easier to count even
in the presence of high turbidity. If the f ilterability of the sample was poor,
because of suspended matter, more than one filter was used to filter the 250-ml
portions.
In the case of supernatant from digesters, the method of concentrating
nematodes had to be modified because of the excessive presence of detritus
material. A 1.0 liter sample was withdrawn from a 5-gallon composite sample
after thoroughly mixing with a magnetic stirrer. This 1.0 liter sample was
again vigorously mixed on a magnetic stirrer for 10 minutes. Sixteen 40-ml
portions were transferred into separate centrifuge tubes and centrifuged for
3 minutes at 2000 rpm. It was observed that nematodes generally found in waste-
waters and sewage sludge remained in suspension if centrifuged for 3 minutes
at 2000 rpm. The supernatants from the centrifuge tubes were pooled together
and the residue in each tube was resuspended with 40 ml of distilled water and
centrifuged again. This latter step was repeated one more time and all the
supernatants pooled together. Thus, the total volume of supernatant was
approximately 3 x 640 ml or 1920 ml. Generally, two 5 u membrane filters were
required to filter this volume of water. The deposit on the filter was washed
with a minimum volume of distilled water and then stained and counted.
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3. Genus Identification
Occasionally the nematodes present in the 500-ml portion of a
5-gallon composite sample were sent for identification to the Department of
Zoology, University of Illinois, for genus identification,
*+„ Analytical Techniques
Samples collected from the final effluent of the activated sludge
and trickling filter portions of the plant were analyzed in this laboratory.
The various tests performed on these samples are listed in Table XVII of
Appendix A. All tests were done according to Standard Methods (10). Air and
effluent temperatures were measured at the sampling sites. Samples for the
measurement of dissolved oxygen were fixed in the field. The results of the
various tests performed on the wastes entering the activated sludge and the
trickling filter units were obtained from the plant operation data. These
tests are also listed in Table XVII of Appendix A.
F, Results
1. Nematodes in Aerobic Treatment Plant Final Effluents
Analysis of the data from September, 1962, through the middle of
September, 1963, indicated that the nematode population of the combined final
effluent from the entire plant exceeded 4000 organisms per gallon 50 percent
of the time,, During this period the nematode population in the Boneyard-
Saline Branch Drainage System above the sewage treatment plant was less than
100 organisms per gallon (8).
The probabilities of the nematode population in the raw sewage, the
combined final effluent from the entire plant, and the final effluent from
the activated sludge and trickling filter portions of the plant are plotted
in Figures 2 and 3 using the plotting position method (10). The 10, 50 and
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»90 percentile values of the nematode concentrations in the raw sewage and the
three different final effluents are shown in Table II. The data, shown in
Figure 2, suggest that nematodes entering the waste treatment plant along with
the raw sewage multiply several fold before they are discharged into the
receiving stream. As shown in Figure 3, approximately 65 percent of the time
the nematode content of the final effluent of the trickling filter is higher
than in the activated sludge final effluent.
TABLE II
NEMATODE CONCENTRATIONS IN THE WASTE TREATMENT PLANT
Nematode Concentration per
Waste Gallon at Various Percentiles
ToT ™ 50% — go?"
Raw Sewage 600 1,700 4,700
Combined Effluent 900 4,000 17,000
Trickling Filter Effluent 800 4,200 22,000
Activated Sludge Effluent 1,000 3,800 14,000
2 3 Nematode Breeding
Considerable nematode propagation was found to occur in the trickling
filters,, Figure 4 shows the nematode population in the primary settled waste
and the final effluent of the trickling filter process „ The nematode output
from the trickling filter process in general exceeded the input , normally by
a factor of 5 to 10,
Less propagation occurred in the activated sludge process than in
the trickling filter. The nematode population of the activated sludge influent
and final effluent are shown in Figure 5. The high influent concentrations
reflected the return of mixed liquor effluent from the trickling filter process
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to the aeration tanks. While the overall average population of nematodes in
the final effluent of the activated sludge process exceeded that of the in-
fluent, nematode reproduction in the process was not consistent and was much
less than in the trickling filter process.
On November 25 (Figure 5), an extremely high peak was observed in
the influent population of the activated sludge process. During that week
settled sludge from the final clarifier of the trickling filter system was
returned to the aeration tanks. On the day of sampling, the population in the
trickling filter final effluent and the raw sewage were approximately 19,000
and 1,000 organisms per gallon, respectively. The nematodes from these two
sources could not account for the 30,000 organisms per gallon obtained in the
influent to the activated sludge process. It was, therefore, concluded that
a large number of nematodes were introduced along with the settled sludge in
the aeration tank from the secondary clarif ier of the trickling filter system
The data shown in Figure 2 and Table II indicate that nematodes are
always carried into the treatment plant with the raw sewage. The nematode
concentrations in the raw sewage (Station A, Figure 1) were always greater
than the nematode concentrations in the primary settled waste (Station C,
Figure 1), The percentage of nematodes settled in the primary clarifier of
the trickling filter process varied between 10 and 80 percent, with an average
of <+4 percent.
While a large number of nematodes were included with the primary and
secondary sludge pumped to the digesters at the plant , samples obtained from
the supernatants of both the primary and secondary digesters only occasionally
contained a few dead nematodes. Viable nematodes were never observed.
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3. Effect of Temperature
The data shown in Figures 4 and 5 indicate a lower nematode population
during seasonal periods when the waste temperature was below 13 °C or above 20°C„
The relationship of the nematode population to the temperature of the final
effluent is shown in Figure 6 for both Drocesses. The 52 observations made
during the year were arranged in several prouns with an equal number of obser-
vations in each grouo. The average values of the grouned data were olotted
against effluent temperature as shown in Figure 6. The trend of the curve
indicates an optimal temperature range favoring nematode growth between 17°
and 18°C.
4. Nematode Population versus Waste Characteristics
A complete analysis of the variation in nematode population relative
to the temperature, waste flow and other physical, chemical and biological
characteristics was made. Numerical calculations required for this analysis
were performed with the IBM 1301 computer system available in the Digital Com-
puter Laboratory at the University of Illinois. The University of Illinois
Statistical Service Unit assisted in arranging the FORTRAN program. Simple
correlation matrices were obtained between the 18 variables using the following
relationships:
a. linear vs. linear, viz., y = f (x);
b. linear vs. log, viz., y = f (lnx);
and c. power function, viz., y = f (x 2 + x).
Those variables that correlated well by a linear-log and power function rela-
tionship also correlated well by linear-linear calculations. For both the
activated sludge and trickling filter system, the linear-linear correlation
coefficients of the nematode population with the other characteristics are
shown in Table III. The values of the correlation coefficients for the linear-
log and power function relationship are shown in Table XVII of Appendix A.
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TABLE III
CORRELATION COEFFICIENTS BETWEEN NEMATODES IN FINAL EFFLUENT
AND WASTE CHARACTERISTICS - LINEAR-LINEAR RELATIONSHIP
lo. Item Unit
Correlation Coefficients
Activated Sludge Trickling Filter
1
2
3
4
5
6
7
8
9
.0
.1
P
,4
5
.6
.7
Influent Characteristics
Biochemical Oxygen Demand mg/l
Total Suspended Solids mg/l
Volatile Suspended Solids mg/l
Nematode Concentration no/1
Flow* mgd
Effluent Characteristics
Biochemical Oxygen Demand mg/l
Total Suspended Solids mg/l
Volatile Suspended Solids mg/l
Temperature - air °C
Temperature - water °C
Dissolved Oxygen mg/l
pH
Alkalinity mg/l
Chemical Oxygen Demand mg/l
Ammonia Nitrogen mg/l
Organic Nitrogen mg/l
Viable Plate Count no/ml
-.24
-,16
-.02 ,21
.04 .33
.80 .30
.62 .05
-.16 .20
-.20 .16
-.20 .19
-.32 -.29
-.16 -.26
.47 .06
,11 ,15
-,04 ,42
.43 .47
-.18 .20
,21 ,10
-,19 ,32
low
* In the activated sludge system the
where
Trickling filter mixed liquor
**+;« = activated
flow ratio was used instead of flow,
effluent recycled through the
sludge process
Total flow through the activat ed sludge process
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Correlation coefficient values above 0.6 were taken to be significant
in showing a moderate to strong correlation while correlations above 0,8 indi-
cate strong to very strong correlations (12). Nematode contents in the
activated sludge final effluent showed significant correlations only with the
flow ratio and the nematode concentrations in the influent. Such significantly
high correlations with these two factors indicated that the nematode concen-
tration in the final effluent of the activated sludge Drocess was almost
entirely dependent on the incoming nematode population. Except for the above
two factors nematode contents in both final effluents did not show a significant
correlation with any of the waste characteristics used in this study.
The lack of anticipated correlation of nematodes in the final
effluents with waste characteristics may be due to sampling location. Because
adequate methods are not available for the extraction of nematodes from mixed
liquor effluents, sampling points were not located between the biological
treatment processes and the final clarifiers. The factors affecting the
settling of nematodes are not known, or clearly understood. It is, therefore,
quite likely that low correlation values were obtained because these factors
.exerted influence on the nematode populations in the final effluents and
could not be included in the analysis.
The possibility that none of the waste characteristics included in
'this study are related to the nematode growth in the biological processes is
difficult to conceive. Especially when Biochemical Oxygen Demand, total sus-
pended solids, volatile suspended solids and Chemical Oxygen Demand, which are
!the measures of available food in the waste, are included in the study and not
correlated to the nematode content in the final effluents.
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5„ Genus Identification
The identification of nematode genera was conducted during the
period between March, 1963, through August, 1963. Samples collected from the
raw sewage and the final effluent of the activated sludge and trickling filter
processes were used for the identification study. With only a few exceptions 9
nematodes identified from these sources belonged to one of the three genera;
Diplogaster , Diplogasteroides , or Rhabditis . The average distribution of
these three genera within the total nematode population for all the observa-
tions made during the six-month period is shown in Table IV. The ratio of
males to females observed within these three genera are also shown in the
table.
The change in the distribution of the three genera of nematodes from
raw sewage to the final effluent is shown diagrammatically in Figure 7 In
general, Diplogaster remained almost constant, whereas Diplogasteroides in-
creased at the expense of Rhabditis , The environments provided by the biologi-
cal treatment processes appeared to favor Diplogasteroides more than the other
two genera.
Go Discussion
1, Variation in Nematode Population
Significantly high nematode populations were observed in both
activated sludge and trickling filter final effluents during the months from
October through January, Except for the high nematode population from the
middle of March to the end of April in the trickling filter final effluent
the population remained comparatively low in both final effluents for the
remainder of the survey period. From February through the early part of
March the nematode population was extremely low in both final effluents.
The effluent temperature during this period was the lowest for the year, 13°C
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or below , Nematode reproduction probably diminished during this period of
unusually low temperature. Observations made by Cichorius (13) on the nematode
population at Klein Altendorf (District of Bonn), West Germany, in 1958, showed
that the population of both Pretylenchus and Paratylenchus
,
free-living root
nematodes found in the soil, were minimum in June and July and maximum between
August and November. Provided it is not too cold, i.e., 13°C or below, these
observations along with the present survey indicate that nematodes reproduce
more in the cooler months than in summer months. •
The trend in the variation of the nematode population in both final
effluents was very similar. It is, however, recognized that this similarity
in the population variation was, to a large extent, due to the recycling of a
portion of the trickling filter mixed liquor effluent to the activated sludge
process. The high correlation factor obtained between nematode population in
the influent and that in the final effluent of the activated sludge process
adds support to the above fact.
The high population observed during the period from the middle of
March to the end of April in the trickling filter final effluent gradually
decreased and remained low in May and June,, A possible explanation of this
observation may be that nematodes were continuously sloughed off the filter
beds in March and April and then during the months of May and June , the popu-
lation started building up in the filter beds. The rising trend in the
population during the succeeding months from July through September appears
to support this interpretation,
2. Source of Nematodes
Nematodes were always present in the raw sewage. The nematode con-
centrations in the settled primary waste were probably influenced by the per-
formance of the primary clarifiers. The present investigation showed that
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nematodes were always carried to the biological processes along with the
primary settled waste. Thus the biological processes were continuously being
seeded with nematodes from the raw waste which were not removed in the primary
clarifiers. If nematodes had been removed completely from the raw waste
before it entered the biological processes the final effluents might have
been void of nematodes.
According to Calaway (J.), there would never be a lack of nematodes
as seed in any wastewater treatment plant since soils are always infested
with them. Added to this is the fact that the nematodes are also carried by
insects. Goodey (14) mentioned two reports of species of Rhabditis being
carried by Psychoda flies.
3. Breeding Sites
It has been shown in the present investigation that nematodes
neither reproduce nor survive in digesters. The organisms that settle in the
primary and secondary clarifiers are, therefore, completely lost from the
nematode population in the waste treatment plant, except of course, those
nematodes in the settled secondary sludge which are recycled with return
sludge to the activated sludge system. Hence, in a waste treatment plant it
may be recognized that both primary and secondary clarifiers as well as
primary and secondary digesters are processes in which nematodes are removed.
Chang and Kabler (7) found 200 to 1000 organisms per gallon in the effluent
from three treatment plants employing primary settling only. Since they did
not count the nematodes in the raw sewage, it is difficult to ascertain from
their data whether primary treatment assisted in the propagation or the
removal of nematodes. Chang and Kabler (7) also observed few nematodes in
the effluent from a stabilization pond. They found sludge collected from the
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bottom of stabilization ponds to contain too little dissolved oxygen for the
survival of nematodes. In the present study, the absence of nematodes in the
digester supernatants may also be due to the anaerobic environment.
Nematodes were found to increase in both the trickling filter and
the activated sludge process., Only these two processes appear to be suitable
breeding sites for nematodes with less propagation occurring in the activated
sludge process than in the trickling filters. In spite of heavy seeding, the
final effluent from the activated sludge process did not show a significant
increase in the nematode population. Chang and Kabler (7), as well as
Calaway (1), also observed a lower nematode content in the effluents from
activated sludge plants than in trickling filter effluents. The explanation
for the smaller contribution of nematodes from the activated sludge process
according to Chang and Kabler (7) is that nematodes do not propagate in a
suspended state because of their bisexual reproduction. It has been shown in
the present study that nematodes reproduce at a lower rate in the activated
sludge process than in trickling filters. Thus nematodes may have difficulty
propagating in the suspended state in the aeration tank.
Two other possible explanations for the lower yield of nematodes in
the final effluent from the activated sludge process may be considered. Nema-
todes are generally found attached to bacterial floes. The mixed liquor
effluent from the activated sludge process contains a more concentrated and
heavier flocculent material than the suspended material in the trickling
filter mixed liquor effluent. The bacterial floes in the activated sludge
process carry the nematodes along with them while settling in the final clari-
fier. Consequently, nematodes may be more efficiently removed in the final
clarifiers of the activated sludge process than in that of the trickling
filters*
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The detention time in the activated sludge process also may exert
an influence on nematode reproduction. In an aeration tank designed for a
detention period of 6 to 8 hours, a nematode born at the influent end remains
in the tank 6 to 8 hours before it leaves the aeration tank. This period is
too short for nematodes to grow even from one larval stage to the next larval
stage. No species of free-living nematodes are known which can complete one
life cycle in less than 2 days (15). Hence, the time available in the aeration
tank may be just sufficient for adult gravid females to lay their eggs and for
these eggs to hatch. It seems reasonable to assume that the increase in the
nematode population in the activated sludge process was possible because nema-
todes were recycled along with the return sludge and also a large number of
nematodes was being continuously introduced with the influent.
The chances of nematodes being retained in trickling filters, i.e.,
on the filter beds, are greater than in the aeration tanks used in the
activated sludge process because the residence time of a nematode in a
filter bed is independent of the time of passage of the fluid. The residence
time depends on the ratio of the probability of being retained versus the
probability of being flushed from the filter beds. Therefore, it is very
likely that nematodes have a greater chance of completing one or more genera-
tions in the trickling filter process than in the activated sludge process
„
The same basic biological principles are involved in both processes
.
The essential difference is the physical manner in which the systems operate
,
i.e., a suspended population of organisms in the activated sludge process and
a fixed population on the filter media in the trickling filter. These physical
factors are probably the important ones which determine the nematode yield.
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4„ Prevalence and Distribution of Nematode Genera
Nematodes in the final effluent of the local waste treatment plant
were identified as to genus in decreasing order of frequency as follows:
Diplogasteroides, Diplogaster and Rhabditis. In the raw sewage, however,
Diplogaster predominated slightly over the other two genera; Diplogasteroides
an<i Rhabditis occurred with almost equal frequency (Figure 7),
The previous survey (9) of the Boneyard-Saline Branch Drainage
system showed that with the exception of a single appearance of Rhabditis all
nematodes identified in the samples from the Boneyard and Saline Branch above
the waste treatment plant were members of the genus Diplogaster, Immediately
below the waste treatment plant, Diplogaster and Diplogasteroides predominated
and were identified with equal frequency, while Rhabditis was identified only
once a Further downstream from the treatment plant, Diplogaster again predom-
inated. On only one occasion was another genus, Diplogasteroides, found
further downstream.
It was found that Rhabditis was the least common of the three genera
both in the stream and in the treatment plant effluents. Diplogaster appeared
to be most adaptable to the stream environment as it was the genus most com-
monly found in streams, and it persisted for longer distances below the
treatment plant. Possibly Diplogasteroides is more exacting in its food
requirements, since it was found in significant numbers in the stream only
within a short distance below the waste treatment plant „ Rhabditis appeared
to be even more exacting in its environmental requirements, since the frequency
of occurrence of this genus was minimum in the stream as well as in the final
effluents of the treatment plant.
However, from the results, reported by Chang and Kabler (7), of
nemat ©logical examination of final effluents from 5 aerobic sewage treatment
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plants it appeared that the prevalence and distribution of nematode genera
varied from plant to plant. In one trickling filter Diplogasteroides and
Rhabditis predominated over Diplogaster
, whereas Diplogasteroides and Diplo-
gaster occurred more frequently than Rhabditis in the other trickling filter.
In two of the three primary treatment plants surveyed, Diplogasteroides and
Rhabditis were more common than Diplogaster . Diplogaster occurred in highest
numbers in the other primary treatment plant.
The results of the above survey as well as the present survey
indicated that Diplogasteroides occurs most frequently in the effluents of
aerobic sewage treatment plants. The frequency of occurrence of Diplogaster
and Rhabditis varies from one treatment plant to another.
From their survey of 22 city water supplies Chang et al. (6) listed
the following genera, in decreasing order of frequency; Monhystera,
Apphelenchus
,
Rhabditis
,
Diplogaster
, Cephalobus , Turbatrix , and Dorylaimus .
Except for Rhabditis
, Diplogaster and Turbatrix , the remainder were listed by
Chang and Kabler (7) as uncommon genera in aerobic waste treatment plant
effluents. Nematodes belonging to the genus Turbatrix were very uncommon in
waste treatment plants and also in surface waters. It is interesting to note
that, although nematodes identified as Diplogasteroides predominated in aerobic
waste treatment plant effluents, they were not found in any of the city water
supplies examined (6).
Hirschmann (16) has listed Diplogaster , Diplogasteroides and Rhabditis
in the saprobiont group along with a few other nematode genera. She observed
a direct relationship between the nutrient content of the streams and the
nematode fauna of the banks, the numbers of saprobionts increasing with
increased pollution. Among the 16 species Hirschmann reported, Diplogaster
rivalis was the only exception. This species was obviously associated with
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running waters, Stefanski (17), while surveying the mountain stream Sinaia in
Rumania, observed Diplogaster nudicapitatus to constitute 30 percent of the
nematode population in that stream.
In Micoletzky's classification of soil and fresh-water nematodes, as
reported by Winslow (18), Diplogaster and not Diplogasteroides and Rhabditis
is listed as a fresh-water nematode. It, therefore, appears that Diplogaster
can reproduce rapidly in biological treatment processes and, when discharged
in the streams, can readily adapt to the new environments since it is basically
a fresh-water nematode., Chang and his co-workers' (6) failure to observe
Diplogasteroides in city water supplies can be explained on the basis that
Diplogasteroides
,
unlike Diplogaster , cannot adapt to the stream environment
and possibly because of the exacting nature of its environmental requirements.
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III. EFFECT OF ENVIRONMENTAL CONDITIONS
ON NEMATODE GROWTH CHARACTERISTICS
Ao Introduction
1. Predominant Nematode Genera in Aerobic Waste Treatment Processes
Nematodes dwell in both aquatic and terrestrial environments, but
they are normally considered terrestrial animals. It has been pointed out by
Waksman (19) that even in the soil, they are dependent upon water films on
the soil particles for their normal functioning. Waksman has further stated
i
that migration between the water environment and soil occurs continuously.
The presence of these worms in the aquatic environment has been well known
since the middle of the last century as testified by the writing of Bastian £0).
Their existence in wastewater treatment processes also has been known for a
long time. However, only a few accounts of the description of the genera and
species from such processes are available in the literature (14, 21), Cala-
way (1) recently reported that nematodes in both the activated sludge and
trickling filter effluents belonged to the following four families ; Rhabdi-
tidae ( Rhabditis ) ; Diplogasteridae ( Diplogasteroides ) ; Dorylaimidae ( Dorylai-
rous ) ; Mononchidae ( Mononchus ) . Peters (22) in his catalogue of organisms from
trickling filters at Brent, England, listed only the first three of the above
mentioned families . Chang et al, (7) observed Diplogasteroides , Rhabditis
and Diplogaster as the most frequently occurring genera in trickling filters
and plants having primary treatment only„ Previously reported field surveys (8)
conducted at the University of Illinois have shown that the nematodes identi-
i fied from waste treatment plants
s
without exception, belonged to the three
!
genera; Diplogasteroides , Diplogaster and Rhabditis . Of these three genera 9
Diplogasteroides and Diplogaster occurred more frequently. On the basis of
the above observations, it was decided to study the growth characteristics and
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the influence of pH and temperature on the population dynamics of the two
species , Diplogasteroides sp. and Diplogaster nudicapitatus . Both of these
species can be grown axenically in a liquid synthetic medium, containing
casein and serum as the main constituents, as formulated by Chang (23), The
axenic cultivation of any organism, as defined by Dougherty (24), is to main-
tain the organism in laboratory cultures without any other associated species
of organisms.
2. Previous Investigations
a. Growth Characteristics
Several free-living nematode species have been maintained
indefinitely in laboratory cultures. However, only a few of them have been
maintained as axenic cultures, such as Caenorhabditis briggsae (25), Caenorhab=
ditis elegans (Bristol strain) (26), and Rhabditis anomala (26), The media in
which these species were maintained always contained liver extract. These
investigators were interested in obtaining a chemically defined culture medium
so that certain basic studies such as nutritional requirements, biochemical
pattern of metabolism, etc, could be carried out. No information on the
growth characteristics and growth kinetics of these cultured nematode species
are available in literature,
Axenic cultivation of aschelminths is still in its infancy (24)
„
Researchers working with the phytophagous nematodes, including the phytopara-
sitic forms, have not been able to develop a growth medium for axenic
culturing (27) „ It is not desirable to study growth characteristics and
growth kinetics in a system where two interdependent organisms are presents
Those working with obligately zooparasitic nematode species failed to observe
even a single life cycle in vitro (27), After working for 10 years on an
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animal-parasitic nematode, Neoaplectana glaseri, Stoll (28) has been successful
recently in culturing this species through consecutive life cycles. Due to
unavilability of a suitable culture medium, no studies have so far been
reported on the growth characteristics of either plant- or animal-parasitic
nematodes
„
b„ Hydrogen - Ion Concentration
Von Brand (29) suggested that it would be of interest to determine
the pH limits, as the pH relationships of aquatic nematodes had not yet been
studied o Attempts to correlate the prevalence of fresh water nematodes with
the pH of the habitat have usually been inconclusive (30), probably because
many other intimately interrelated factors such as aeration, pollution, bac-
terial contamination, type of bottom (calcareous, silicious, peat, etc ), and
mineral content have complicated the studies.
Insofar as the non -parasitic soil nematodes are concerned, Overgaard
Nielsen (31) made a careful survey of the nematode populations of various
types of soil. Only a few species were reported as specific for certain soils
and their distribution seemed correlated with the moisture content of the soil.
Although he did not carry out pH determinations, considerable differences in
this respect existed between several of his chosen localities, since the soils
studied ranged from sandy to bog soils.
According to Small (32), the pH of plant tissues is usually acid
and the pH is within loM- to 6,2 for most plant tissues. However, information
on the pH relationship of plant-parasitizing nematodes in situ is lacking
Among animal parasites, those that are adapted to live in habitats
with a very stable pH generally show a fairly narrow optimal pH range „ The
best examples are blood and tissue parasites (29), But parasites living in
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the intestinal tract may show a fairly wide optimal pH range because the pH
of different sections of the vertebrate intestinal tract show great variations
Thus, Ostertagia circumcincta can tolerate pH variations ranging from 3,2 to
9, and this may well be one of the reasons why this species invades the
abomasum of sheep (pH 3.15 to 5.25) but not the stomach of dogs which has a
pH 2 or below (33).
According to Von Brand (29) the possibility of a pH preference
range, in contrast to a tolerated range, has not been studied, and this would
probably be very difficult, if not impossible, because of the limitations of
the culturing material. The present study was conducted to evaluate the
influence of pH on the axenic growth of two species of nematodes using a syn-
thetic growth medium* Because of the availability of a suitable growth
medium, the study was designed to determine a pH preference range in addition
to a range of tolerance. The influence of pH on population dynamics has not
been reported and this may be, as stated before, due to the unavailability of
a suitable growth medium.
c Temperature
Nematodes have been reported to be able to tolerate substantial
temperature variations both in nature and under experimental conditions.
Species of round worms have been found in the Arctic (34) and, at the other
extreme, have also been reported from hot springs with temperatures up to
51°C (35), The cold tolerance of some nematodes has been determined experi-
mentally. It has been shown that the free-living nematode Anguillula silusiae
can be revived after having been subjected to a temperature as low as -192°C 9
although only a fraction of one percent of the exposed specimens survived (36),
Resistance generally increases when a certain degree of dehydration is
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achieved prior to exposure to cold temperatures, Gehenio and Luyet (37) have
shown that Turbatrix aceti can tolerate ultra rapid freezing better when
slightly dehydrated than when taken directly from the fluid medium. Similarly,
heat resistance of nematodes has been observed to increase with the dehydration
of the tissue (38).
The above discussion shows that nematodes are found to be adaptable
to a wide range of temperatures. It is, however, desirable to know the
temperature range for tolerance and, if possible, the temperature preference
range for any given species. Recently, Jackson (39) determined the optimal
temperature range for Neoaplectana gaseri by comparing growths at various
temperatures in a synthetic medium. The present study was designed to deter-
mine the temperature tolerant range and temperature preference range for both
species by comparing growth and motility at various temperatures.
B„ Present Investigation
1. Initial Studies
Studies were conducted, using cultures identified as Diplogasteroides
! sp a and Diplogaster nudicapitatus , to determine the effect of temperature and
;
pH on the motility of these nematodes. Since the nematodes, outside a partic-
ular range of temperature and pH, might become immobile and consequently might
not be able to mate and reproduce, a detailed study was undertaken to determine
the extreme limits of temperature and pH within which the nematodes remained
motile.
Eight different temperatures, with an interval of 5°C, were chosen
between 5° and 40°C, The observations were made after exposing the nematodes
for o 5 hour to each temperature. To study the effect of pH, nematodes were
suspended in solutions buffered to various pH values between 2 and 12 9 and the
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time required for 90 percent and complete immobilization was noted. These
initial studies also served as a guide in selecting the temperature and pH
range for the subsequent growth studies,
2 Growth Studies
As a base for comparison, axenic growth curves were obtained for
both the species in the synthetic medium buffered at pH 6„8 and incubated at
room temperature
,
The general shape of the growth curves was found to resemble
the classical growth curve. However, closer inspection revealed the growth
curves to be "scalloped." The distance between "humps" was thought to
correspond to the egg to egg period of the organisms. A separate experiment
was designed to obtain an accurate estimate of the egg to egg period and to
correlate the reproduction pattern of nematodes to the shape of the observed
growth curves. This study was conducted in an environment in which food was
I
not limiting and in which there was little chance of accumulation of any toxic
i metabolic end productSo The study was designed to evaluate the following
factors i
(1) the egg to egg period,
(2) the "fertility period," that is, the length of time a
female can lay eggs,
(3) the egg laying pattern, that is, the distribution of
total eggs laid by a female over the "fertility period,"
(*0 the relative occurrence of male and female among the
offspring which is termed the "male-female ratio,"
(5) the proportion of fertile females among the new born
females which is termed the "fertility factor," and
(6) the length of time a nematode survives which is termed
the "longevity."
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While studying the growth of Diplogastero ides sp., it was observed
that the growth rate of this species was higher when the area of culture
flasks was increased, although the amount of food available per unit area of
culture flask was the same. A set of experiments was, therefore, carried out
to ascertain the influence of the area of the culture flask upon the rate of
growth* Similar experiments with Diplogaster nudicapitatus, however , revealed
that within the range of areas of culture flasks included in this study, this
species did not demonstrate any area dependency
.
The effect of agitation on the organisms was also studied by ©bservinf
growth under conditions of quiescence and continuous shaking. Finally, the
influence of pH and temperature on the growth rate of nematodes was evaluated
by a comparison with the base information.
C Materials and Methods
1, General
a c Growth Medium
The liquid growth medium for the axenic culturing of nematodes
consisted of two parts « The constituents of Part A are shown in Table V
s while
Part B consisted of rabbit serum preheated to 68°C for 2 hours
„
TABLE V
GROWTH MEDIUM -» PART A
Constituents Final Concentrations
(Percent)
Isoelectric casein
Gelatin
NaH2P0i|
Na2HP0!+
Thiamine - HCl
0,200
U 20Q
0.600
0/755
OoOOl
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The NaH2PO/4., because of its acidic properties, was autoclaved separately to
prevent the caking of casein on the wall of the container. It was then mixed
with the remainder of the autoclaved material in Part A.
One hundred ml of rabbit serum was added to 900 ml of base medium
(Part A) to make one liter of growth medium. To avoid microbial contamination,
50 mg of tetracyclin, 10,000 units of mycostatin and 100,000 units of strep»
tomycin were added to a liter of the medium. The phosphate buffer solution
used in this growth medium was 0,1 molar. This concentration of buffer was
higher than that recommended by Chang (23). The buffer solutions used in the
stock cultures as well as during the initial and growth studies were always
0,1 molar in concentration. In order to maintain a reasonably stable pH during
the growth studies the molarity of the buffer solutions was increased.
b. Buffer Solutions
Three different buffer systems were used for three different pH
I ranges during the studies of the effect of pH on nematode motility. The three
: buffer systems and their constituents are given in Table VI.
TABLE VI
BUFFER MIXTURE
Type of Constituents of
pH Buffer System Buffer System
2, 3, 4, 5 Mcllvaine Disodium Phosphate 6 Citric acid
6, 7, 8 Sorensen Disodium 6 Monosodium Phosphate
9, 10, 11, 12 Sorensen Glycocoll-NaCl-NaOH mixtures
The preparation of these buffer solutions is given in Tables XVIII,
XIX, and XX of Appendix B, The various buffer solutions were all 0.1 molar,
the observed pH values are recorded in Tables XVIII, XIX, and XX of Appendix B.
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c. Growth Medium at Various pH Values
The effect of pH on the growth of nematodes was studied for the pH
range between 4 and 10. The three different buffer systems, mentioned earlier,
were used in the appropriate pH range. The growth media at different pH's were
prepared in three different parts and then mixed (Table VII).
TABLE VII
GROWTH MEDIA AT VARIOUS pH VALUES
Pinal
Part Constituent Concentration
A Isoelectric casein 0.200 percent
Gelatin 0.200 percent
Thiamine-HCl 0.001 oercent
B Rabbit serum preheated to
,68°C for 2 hours
C Appropriate buffer system
After Part A and Part C had been autoclaved separately, all three components
were mixed to make 100 ml of the growth medium. Antibiotics, as mentioned
before, were also added.
d. Preparation of Glassware
All glassware was sterilized in a hot air oven at 170°C for 2 hours,
The culture flasks used for stock cultures and growth studies were "T-type,"
manufactured by E. H. Sargent 6 Company and are shown in Figure 8. Culture
flasks with inner surface areas of 15 and 30 sq cm have been designated as
T-15 and T-30 flasks, respectively. These culture flasks were plugged witn
non-absorbent cotton before sterilization. The eauinment, mostly glassware,
used to study the reproduction pattern is shown in Figure 9. Boerner slides
and Syracuse dishes used for the observation of the egg-laying pattern and
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identification of males and females, respectively, were kept in Petri dishes
before and after sterilization to avoid contamination. The Durham tubes used
in the fertility study were also plugged with non-absorbent cotton before
sterilization.,
e. Stock Cultures
Stock cultures with 1.1 ml of growth media were maintained in
T-15 culture flasks. An average yield of 5000 adults and larvae per culture
flask was obtained in 18-20 days with Diplogaster nudicapitatus and in 16-17
days with Diplogasteroides sp. Stock cultures, 16-20 days old, were used as
the inoculum for nematodes throughout the studies.
f
.
Preparation of Nematodes
Nematode suspensions for the initial studies were prenared as
follows. The contents of a 16-20 day old T-15 stock culture flask were care-
fully filtered through a 25 mm diameter 5 \i membrane filter. The nematodes
deposited on the membrane were washed three times with either 200 ml of
distilled water for the pH studies or the same quantity of buffer solution
(pH 7) for the temperature studies. The nematodes removed from the 5 y mem-
brane were suspended in a 10 ml conical centrifuge tube with either 5 ml of
distilled water or the same quantity of buffer solution (pH 7) as indicated
above. Most of the adult worms settled to the bottom after 10 minutes of
quiescence. One ml micro pipettes with long cylindrical tips were employed
to transfer the adult nematodes from the centrifuge tubes to the cuvettes
used for the initial studies. The pipette was lowered slowly until it almost
touched the bottom of the centrifuge tube. The nematodes were removed slowly
using a propipette and 0,05 ml of this suspension was placed in each cuvette.
An average of 30-4-0 adults was present in 0.05 ml of the nematode suspension.
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Adult worms, 30-40 in number, were transferred from stock culture
flasks to cylindrical glass cuvettes, 2 cm in diameter and 1.3 cm in height,
according to the procedure described above. Twelve identical cuvettes were
prepared for each species of nematodes for the temperature studies and 1 ml
of 0.1 M phosphate buffer solution at pH 7 was added to each cuvette. For the
pH studies, however, five identical cuvettes were set up for each species at
each pH and 2 ml of the proper buffer solutions were added to each cuvette.
The cuvettes were stoppered with corks (Figure 10a) which had a 0.5 cm diameter
hole at the center for free passage of air. The cuvettes for the temperature
studies were so adjusted that they could float in water with 3/4 of their
depth submerged.
2. Initial Studies
a. Miniature Water Bath
A miniature water bath was built on the stage of a microscope with
a plastic Petri dish, 9 cm x 9 cm x 1.5 cm, having an outlet and inlet tube as
shown in Figure 10b. Water from two thermostatically controlled water baths,
maintained at desired temperatures , could flow alternately through the minia-
ture water bath. The cuvette, when placed on the counting platform in the
miniature water bath, was immersed in water on all sides and the bottom. Thus,
the temperature in the cuvette was kept constant during the microscopic
examination
.
b„ Experimental Setup and Procedure
A schematic diagram of the assembled equipment is shown in
Figure 10c. The two water lines coming from the two thermostatically con-
trolled water baths were joined together by a T-connection to the inlet of
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the miniature water bath. By adjusting the valves on each water line, water
could be discharged by gravity through the miniature water bath from either
one of the thermostatically controlled water baths.
The cuvettes were kept floating in the thermostatically controlled
water bath A (Figure 10c). The temperature of the water bath was gradually
lowered from room temperature to 5°C and was maintained at that temperature
until a set of observations was complete. The temperature in the miniature
water bath was also maintained at 5°C by opening valve A (Figure 10c) , Half
an hour after the temperature in water bath A had attained 5°C, the first
cuvette was removed and placed on the counting platform. The cork was removed
and the number of nematodes exhibiting motility was determined. The cuvette
was restoppered, placed in the other thermostatically controlled water bath,
B in Figure 10c, and maintained at 10°C. The time required for such a micro-
scopic observation, including the time required to transfer the cuvette from
1 water bath A to the microscope stage and from the microscope stage to water
bath B was one minute. Thus, for 12 cuvettes the time required to make one
set of observations was 12 minutes. During the remaining 18 minutes, the
temperature in water bath A was raised to 15 °C and the temperature in the
miniature water bath was brought to 10°C by closing valve A and opening valve
B. When the first cuvette was ready for the second microscopic examination,
the miniature water bath as well as water bath A were ready to receive the
cuvettes o In this manner 8 sets of observations were made between 5° to 40°C„
During the experiment, the cuvettes were maintained at a particular
temperature for exactly 0.5 hour before the microscopic observations were made
Only at 5°C, all the cuvettes except the first one of this set had to be kept
at that temperature for more than 0.5 hour. The last cuvette examined was
exposed to 5°C for a maximum period of 42 minutes. It was, however, shown by
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a set of control experiments that nematodes of both species lost their motility,
without exception, when they were kept at 5°C for 0.5 hour. Even after 6 hours
of storage at 5°C when the organisms were warmed to room temperature, 100 per-
cent of the nematodes became motile. These control experiments indicated that
the nematodes were not adversely affected by exposing them to 5°C for an
increased period of 12 minutes.
When the last observation at 40°C had been made, the temperature of
the cuvettes was slowly lowered to room temperature and the number of motile
nematodes was counted under the microscope.
In the study of pH, the five identical cuvettes at each pH were
examined under the microscope from time to time and the number of motile nema-
todes was determined. These observations were continued until all the nema-
todes were immobilized.
3„ Growth Studies
a. Biological Material
In order to obtain reproducible growth curves, the nematodes used
as inoculum should be at similar stages of development. It was thought that
a male and a female nematode engaged in the act of mating would be the best
choice as inoculum because the female transferred would be an adult female
and at the same time ready to lay eggs. Stock cultures, 16-20 days old, were
used for such transfers because of the abundance of mating pairs. One copu-
lating pair was always used as inoculum in the growth studies except in the
following cases.
While studying the growth at the two temperatures , 10° and 35°C,
five pairs of males and females were transferred as inoculum instead of one
pair. It was thought that with only one pair of nematodes at these tempera-
tures, growth might not be observed because of the possible death of any one
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of them, or both. For similar reasons five pairs of males and females were
used as inoculum to observe growth at pH 4 and 10 for Diplogasteroides sp.
and at pH 4 and 9 for Diplogaster nudicapitatus.
Besides using one and five copulating pairs another size of inoculum
was used while studying the growth of Diplogaster nudicapitatus at pH 5,
Growth was not observed with this species even at pH 5 when a single pair of
nematodes was introduced as inoculum in the culture flasks. In most of the
flasks the males died prior to the females. It was, therefore, decided to
introduce two pairs and one extra male as inoculum, and this yielded successful
results.
b. Preparation of Culture Containers
Nematode growth was observed in the T-15 culture flasks with 1,1 ml
of the growth medium except where otherwise mentioned. As a general procedure,
a set of 16 identical culture flasks was prepared by adding the desired
amount of growth medium. The stock culture was brought under the microscope
and the required numbers of males and females, engaged in the act of mating,
were transferred by a sterilized fine needle into each of the 16 culture flasks
„
Standard aseptic techniques were followed during the transfer. Anticipating
the possibility of contamination by other microorganisms during the transfer
of nematodes, a few extra culture flasks were prepared in a similar manner as
a precautionary measure.
The various combinations of culture containers and quantities of
growth medium used to ascertain the influence of the area of the culture con-
tainers on nematode growth are shown in Table VIII.
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c„ Storage of Cultures
The culture containers containing the nematode cultures were placed
on sponges in a tray containing water (Figure 8). The water bath minimized
evaporation of the culture medium.
Agitation of the nematode cultures was accomplished by shaking the
raft holding the culture flasks. The raft moved through 45 three-inch strokes
per minute. The reciprocating motion was accomplished by using a small motor.
The raft was placed in a tray of water not only to minimize the evaporation
loss of the medium from the culture flasks but also to reduce the load on the
motor. The assembly is shown in Figure 11.
The culture flasks used to study growth at 10°C and 15°C were placed
on sponges in desiccator jars which served as humidity chambers. These jars
were kept in a water incubator maintained at the desired temperature. Arrange-
ments were made to keep the jars from floating.
do Nematode Counting
Nematodes were counted daily without opening the culture containers
for the first one or two weeks. Counting within the containers was possible
provided the number of nematodes was less than 40 per sq cm. This number was
generally exceeded after 12-14 days in the T-15 flasks, 9-15 days in the T-30
flasks and 7 days in the P-57 Petri dishes. After these periods, the daily
nematode counts were obtained by observing two identical culture containers.
The contents from each container were washed out and diluted with distilled
water. The mean count using twenty 2-ml portions was noted for each of the
two culture containers examined. The average of the two mean counts obtained
from the two culture containers was recorded as the nematode population on that
particular day. Five hundred nematodes could be counted in the dishes used
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for counting, A maximum of 10,000 nematodes, counted in twenty 2
-ml portions,
was one-third of the maximum population obtained in T-15 flasks. The popu-
lations obtained in T-30 and P-57 culture containers exceeded 30,000. Care
was necessary in order to count at least one-third of the total population
when the total number exceeded 30,000.
e. Period of Study
Growth was recorded in all the systems until no increase in
nematode population in the culture flasks was observed. In general, the
nematode population reached a maximum within a period of 4 to 5 weeks. Occa-
sionally the nematode population was observed after it had reached the
maximum in order to obtain information about the death phase of the nematodes.
f
.
Measurement of pH
The pH of the stock growth medium was always determined on the day
a set of culture flasks was prepared for a growth study. No pH measurement
was made during the first one or two weeks of growth except in one case
described later. Beyond this period, however, the pH of the medium was measured
directly in the culture flasks before the contents were removed for counting.
The miniature pH electrodes used for such measurements are shown in Figure 12
and were manufactured by the Leeds and Northrup Company. The miniature pH
electrodes were found very useful because they minimized handling and, conse~
quently, reduced the chances of losing nematodes.
Diplogaster nudicapitatus , when subjected to a pH 5, was observed
to have a growth rate similar to that observed at pH 6.8 after exhibiting a
lag period of 6 to 7 days. Six more identical culture flasks were prepared
to observe the pH change in the medium during the first two weeks.
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g. Sterility
The axenic handling of nematode cultures has been described by
Glaser (40) and by Stoll (41). Their suggestions were followed insofar as
practicable.
Sterility tests, if deemed necessary, were made on the growth medium
before and after the study. These tests were performed, as suggested by
Jackson (42), in a peptone - meat infusion broth at pH 6.8, in thioglycollate
medium, on dextrose agar slants, and occasionally on blood-agar.
4. Reproduction Pattern
a. Selection of Female Nematode Specimens
The reproduction pattern of nematodes was studied with a set of
20 female specimens in Boerner slides containing 0.15 ml of liquid growth
medium. The equipment used in this study is shown in Figure 9. In order to
obtain a random sample of specimens, females were chosen from several genera-
tions of four original females. To avoid a possible effect of a sudden change
of environment from culture flask to Boerner slide on the reoroduction pattern,
the nematodes were grown at least for two generations in Boerner slides before
any specimen was selected. Each specimen was always accompanied with three
males from the same generation level but from different heritage. The first
two specimens were selected from the third generation, 5 from the fourth and
the remaining 13 from the fifth generation of the four original females . The
process of selection is schematically represented in Figure 13.
Since one Petri dish could hold a pair of Boerner slides the 20
female Specimens were placed in 10 Petri dishes. These Petri dishes were
kept in a desiccator iar used as a humidity chamber. Every third day the old
medium was replaced by fresh medium using a different micropipette for each
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transfer* By doing so it was assumed that the food and nutrients available
In the Boerner slides were non-limiting and the possibility of accumulation
of metabolic end products was minimized. The replacement of medium was done
under the microscope to avoid any removal of eggs. Since the eggs were large
enough to be seen under a magnification of 2t*X, this operation did not produce
any difficulty,
b. Egg to Egg Period
The dates of birth of the twenty specimens were recorded and the
females were observed daily for the presence of offspring. The time elapsed
between the birth and the reproduction of a nematode cannot be strictly called
the egg to egg period of the organism. However, this period has been recorded
j
as the egg to egg period because the time required for an egg to hatch gen-
erally remains constant (43),
c. Egg Laying Pattern and Identification of Males and Females
Offspring born to each of the 20 specimens were transferred daily
;
and kept in separate Syracuse dishes , The offspring were counted instead of
I
the eggs to determine the egg laying pattern of the organisms, The process
of counting and transferring offspring was continued ovor the entire "fertility
period" of each female specimen. Within a period of 2=3 days the young could
be identified as male or female. Twenty Syracuse dishes were needed each day
for transferring the young. The Syracuse dishes were kept in Petri dishes
which in turn were placed in a desiccator jar used as a humidity chamber,
d. Fertility Study
The youngs after being identified as female , were transferred from
the Syracuse dishes to Durham tubes for the determination of fertility. Three
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males were also supplied in each of the Durham tubes to ensure fertilization.
j
Durham tubes were selected for this study mainly because each tube needed
only two drops of liquid growth medium, and, moreover, it brought the males
and females in closer proximity. Economy in the consumption of medium was, of
course, the most important factor in selecting Durham tubes in the fertility
study because this test was performed on approximately 600 female nematodes.
The Durham tubes were kept in beakers containing sufficient water to keep the
tubes completely surrounded by water.
The Durham tubes were observed daily under the microscope for the
appearance of offspring. If no larvae appeared within 5 days, two extra males
were introduced into the Durham tubes and these tubes were observed for another
5 days. At the end of ten days, if no offspring were observed, the female
nematode was declared unfertilized,
i
D. Results
1. Initial Studies
The effect of temperature on the motility of both species of nematodes
appeared to follow a similar pattern. The results of this study are tabulated
in Appendix C, Tables XXI and XXII, and graphically represented in Figure 14.
It may be observed that the optimal temperature for maximum nematode motility
was 20°C for Diplogasteroides sp. and 25°C for Diplogaster nudicapitatus. The
motility of both of these species decreased more rapidly at temperatures below
the optimal temperature than above it. More than 50 percent of Diplogasteroides
sp» were found to be motile between 15° and 34° while the corresponding temper-
ature range for Diplogaster nudicapitatus was between 17° and 36°C<, The
majority of the nematodes regained their motility when the temperature was
lowered from 40°C to room temperature. The average percentage of nematodes
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regaining motility under this condition are shown in Table IX. It would seem
quite reasonable to assume that Diplogaster nudicapitatus is more resistant to
temperature changes than Diplogasteroides sp. because a greater percentage of
the former species regained motility when subjected to more favorable condi-
tions. This study also indicated that the growth of both species might not be
possible outside the temperature range of 10° to 40°C.
TABLE IX
AVERAGE PERCENTAGE OF NEMATODES REGAINING
MOTILITY WHEN COOLED FROM 40°C TO ROOM TEMPERATURE
Total Number Total Number of Nematodes Percent of
Nematode of Nematodes Regaining Motility at Nematodes
Species Observed Room Temperature Regaining
Motility
Diplogasteroides
sp.
Diplogaster
nudicapitatus
464
518
364
457
78
88
Previous investigators have used the degree of motility, rather
than the percentage of motile nematodes, as a parameter to determine the
optimal temperature range. Cameron (44) while working with Monodontus trigon-
ocephalus
,
the sheep hook-worm, observed that these larvae were very active
between 35° and 40°C and that movement ceased at 62°C. The majority were
motionless below 18°C, Cameron (44) also observed that the optimal temperature
for Nematodius filicollis, a very common nematode in Scottish sheep, was 22°C
and that they became quiescent at temperatures above 25°C. Morgan (45) working
with the infective larvae of Ostertogia circumcincta , a stomach parasite of
sheep, observed that the larvae were most active between 22° to 25°C, while
between 35° to 40°C the majority coiled up and at the latter temperature almost
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all were still, Veglia (46) obtained optimal temperature of 35° to 40°C with
Haemonchus contortus
.
Goodey (47) also found that the temperature for greatest
activity for the larvae of Graphidium strigosum and Trichostronavlus retortae-
—————— —
—
i . i . i
i i iW i.ii i I,,
formis was between 22° and 25°C.
The optimal temperature for highest motility or activity can be seen
to vary with different species of nematodes, but the range is always found to
be narrow. For all the species discussed above the range of optimal tempera-
ture for highest motility or activity encompasses a short range of 5°C. Thus
it appears that nematodes are in general quite sensitive to temperature
changes.
The results of the investigation on the effect of pH on nematode
motility are tabulated in Appendix C, Tables XXIII, XXIV and XXV. The time
required to immobilize 90 percent of the nematodes is plotted in Figure 15.
Considering the time required for 90 percent immobilization at pH 7 as the base
for comparison, the tolerated pH range seemed to lie between 5 and 9 for
Diplogasteroides sp„ and between 5 and 8 for Diplogaster nudicapitatus . Both
species appeared to be more resistant between pH 3 and 5 than between pH 9 and
11 o However, beyond the pH range of 3 to 11 the reverse was true 9 that is 9
with both the species, immobilization was more rapid under acidic conditions
than in alkaline conditions
.
Of the two species studied, Diplogasteroides sp. seemed to be more
resistant to pH variations than the other. It was interesting to note that
the species which showed greater resistance to temperature changes was more
susceptible to pH variations.
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2, Growth Studies
Results of studies on growth and its relationship to area of culture
container, continuous shaking, hydrogen-ion concentration and temperature of
the medium are presented in graphical form on the following pages. As a base
for comparison, growth curves for both species incubated at room temperature,
with 1,1 ml growth medium, and at a pH 6,8 were obtained using T-15 culture
flasks. These two growth curves hereafter have been referred to as the
"base" curves. The nature and extent of influence of various environmental
factors were evaluated by comparing growth under those environmental conditions
with the "base" curves. The results of all experiments are tabulated in
Appendix D, Tables XXVI through XXXIII.
a, "Base" Growth
Six typical growth curves for each of the two species, as observed
within a period of 2 weeks in individual T-15 flasks, are shown in Figure 16,
The distances between the humps, as measured in Figure 16, corresponded to a
period of 7 days for Diplogasteroides sp, and M- days for Diplogaster nudicapi-
tatus. These periods of 7 and 4- days were interpreted to be the egg to egg
periods of the organisms. This was confirmed later
,
The average growth curves of the two species, as shown in Figure 17,
are plotted by joining the observed points with a smooth line. The "scalloped"
nature of the growth curve, although* evident from the plotted points, were
eliminated to indicate the growth rate. The growth rate was obtained from the
slope of the growth curve when the average population was between 100 and 1000
organisms per culture flask, and this practice was followed all through the
growth studies. These two growth curves were used later as the "base" curves.
Within a period of 1 weeks the percentages of dead nematodes in any culture
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flasks were found to be very low. Beyond this period, however, a very signifi-
cant increase in death was observed,, An average of 75 and 90 percent of the
nematodes of both the species were found dead in the culture flasks on the
30th and the 35th day, respectively. The changes in pH of the growth medium
during the period of observation are shown in Table X. Within a period of
26 days the pH changed from 6.8 to 8,3 and then it remained constant until the
35th day. In addition to an unfavorable pH of the medium, depletion of food
and nutrients, and the accumulation of toxic metabolic end products were
thought to be the main reasons for the death of nematodes beyond 28 days.
TABLE X
CHANGES IN THE pH OF THE GROWTH MEDIUM WITH DAYS
pH Values of the Growthi Medium
Day of Diplc>gasteroides Dip
nudi
>logaster
pH Measurement sp° .capitatus
6.8 6.8
14 6,9 7.1
16 6.9 7.2
18 7.2 7.4
20 7.3 8.0
24 8.1 8.2
26 8.3 8„3
30 8.3 8.3
35 8.3 8„3
Starting with a pair of nematodes in T-15 flasks, the average yields
at maximum growth were 32,300 and 10,960 organisms per culture of Diplogaster-
oides sp. and Diplogaster nudicapitatus
,
respectively. The growth rates, as
obtained from the slope of the "base" curves, were 0.19 days" for Diplogaster-
oides sp. and 0.17 days" for Diplogaster nudicapitatus. These values indicate
that the nematode population will increase ten-fold within a period of 5,3 days
with Diplogasteroides sp. and 6 days with Diplogaster nudicapitatus. The
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generation time may be calculated as 5 3 x log 2 or 1„59 days for Diplogaster-
oides sp_o_ and 1„80 days for Diplogaster HHliSSEiHSiE For a11 Practical
purposes this difference in the growth rates may be considered insignificant
„
However 9 considerable difference was observed in the average maximum growth
yield with the two cultures of nematodes „ The lower yield per culture of
Diplogaster nudicapitatus may be due to one or more of the following factors s
(i) higher metabolic ratej (ii) greater toxicity of metabolic end products,
which may have resulted from (a) greater accumulation 9 (b) less resistivity of
the species j and (iii) unfavorable hydrogen=ion concentration of the medium.
The relative significance of these factors is discussed later,,
b Effect of Environmental Conditions on
A summary of the results of studies on the effect of environmental
conditions on nematode growth characteristics are given in Tables XI and XII
for Diplogasteroides sp„ and Diplogaster nudicapitatus 8 respectively,, The
results obtained with these two species are described separately,,
Diplogasteroides sp n
The growth rate of Diplogasteroides sp was significantly influenced
by the area of the culture container,, The growth curves, obtained in T-30
and P=57 culture containers 9 are shown in Figure 18 „ The "base" curve is
also plotted for comparison „ The volumes of growth medium in Systems 2 and *4
under effect of area
s as given in Table XI 9 were twice and four times 9
respectively , the volume used in the "base" growth study „ However 9 the
volumes of growth medium available per unit area of culture containers in
Systems 2 and 4 were approximately the same as that in the "base" growth
study „ The growth rates observed in System 2 9 that is 9 T-30 culture flask
with 2 D 2 ml of growth medium and System 4 9 that is 9 P=57 Petri dish with
^0*+ ml growth medium were i„4- and 1 Q 6 times the "base" growth rate,
respectively (Figure 18) „ Again , the growth rates obtained in Systems 2 and 4
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were the same as those obtained in Systems 1 and 3, respectively. Experiments
with Systems 1 and 3 were performed with 1.1 ml of growth medium in T-30 and
P-57 culture containers, respectively. Evidently, it was the area of culture
container and not the total quantity of growth medium which was exerting an
influence on the growth rate of Diplogasteroides sp.
Except in System 4 under the effect of area, as given in Table XI,
the average yields per 1.1 ml of medium at maximum growth were approximately
the same for all systems. A yield of 19,840 organisms per 1.1 ml of medium
in System 4 was markedly low. Similar low yields were also obtained when
culture flasks were either continuously agitated or were incubated at a tem-
perature of 15°C. The pH of the medium did not seem to be responsible for
these lower yields as it was between 7.3 to 7.5 in all three cases.
The significance of these observations will be discussed and
correlated with other data later.
The growth curve obtained under continuous shaking is shown along
with the "base" curve in Figure 19. The growth rate under this condition was
|
0.9 times the "base" growth rate. As a result of the reciprocating motion,
the two longitudinal ends of the culture flask were alternately covered with
the growth medium. The effective area available to the nematodes in T-15
culture flasks was, therefore, less than 15 sq cm. Interpreting this observa-
tion on the basis of the results of the previous study, this slight reduction
in the growth rate in the agitated cultures might have been due to the re-
duction in culture area.
In Figure 20 , the growths observed at pH 5 and 9 are shown by hollow
and solid circles
,,
respectively, along with the "base" curve without any indi-
cated points. Closeness of these observed points with the "base" curve indi-
cates that pH values between 5 and 9 exert no significant influence on the
growth of Diplogasteroides sp.
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Growth experiments made at pH 4 and 10 showed no nematode reproduction
at all. Within 3 days, all nematodes died and none of the culture flasks con-
tained any eggs. The cultures were kept under observation for 7 more days to
verify the results. Neither eggs nor larvae were observed during this period.
When the culture flasks were incubated at a temperature of 15°C, the
growth rate was retarded to 0.73 times the "base" growth rate. The average
yield at maximum growth also decreased (Figure 21). The intensity of motility
as well as the percentage of motile nematodes were less at 15°C than at room
temperature. This reduced proportion of motile nematodes might well be the
cause of the decreased growth rate as well as the lower yield at maximum growth
because mating depends to a considerable extent on the motility of such
organisms.
For reasons discussed earlier, the growth experiments at 10°C were
initiated with 5 males and a corresponding number of females in each flask.
It was observed that nematodes were progressively dying at this temperature.
An average of 6 nematodes were found alive on the 6th day. The number of live
nematodes decreased to an average of 2 per flask on the 9th day and finally on
the 17th day all were dead. The pH of the medium on the 17th day was 6,8.
During these observations some eggs were seen in each culture flask but their
exact number was not determined.
To investigate the effect of storing the nematodes for prolonged
periods at 10°C on growth, a set of 12 T-15 flasks were taken from the 10°C
chamber after 6 days' incubation and stored at room temperature, A similar
set of 8 flasks was brought to room temperature after a lapse of 9 days' incu-
bation. Results of this study are shown graphically in Figure 21, Reproduc-
tion at a rate higher than the "base" growth rate was observed in both sets
of flasks after 3 days. Nematode growth continued at this rapid rate for
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6 days In the first set and for 3 days in the second set before the growth
rate decreased „ Maximum growth in the first set, incubated for 6 days at 10°C,
occurred 22 days after it was brought to room temperature,
A comparison of the rate of reproduction and the average yield at
maximum growth with the "base" growth curve revealed that the extent of
damage caused to the nematodes and their eggs by storing them at 10°C for 6
days was not excessive „ It seemed evident from the nature of the growth in
the second set that the nematodes and their eggs were damaged to a greater
extent as a result of 9 days' storage at 10°C. The yield in the second set on
the 26th day of incubation at room temperature was approximately 1000 organ~
isms per culture flask „ Though the nematodes were still growing, the experi~
ment had to be discontinued after 26 days.
The sudden increase in the growth rates between 3 to 9 days after
6 days* storage at 10°C and between 3 to 6 days after 9 days' storage at 10°C
was mainly due to the larvae which hatched from the eggs that were laid at
10°C but remained unhatched until the flasks were brought to and kept at room
temperature for 3 days. The evidence, that the eggs laid and unhatched at 10°C
generally required a minimum period of 3 days for hatching at room temperature,
was obtained from the culture flasks which were retained in the 10°C chamber.
After 17 days of incubation all the nematodes were observed to be dead in these
flasks. However, in subjecting these same flasks to room temperature , it was
found that on the third day an average of 2 larvae were present per culture
flask The experiment was discontinued after 3 more days when no further
increase in larvae was observed
„
Diplogaster nudicapitatus
The growth rate of this species obtained in T-30 culture flasks was
same as the "base" growth rate (Table XII) a The growth curves obtained
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in T-30 flasks with 1.1 ml and 2,2 ml medium are shown along with the "base"
curve in Figure 22
.
Since an increase in area of culture flasks from 15 sq cm
to 30 sq cm did not have any effect on the rate of reproduction, no growth
experiment was performed with this species using Petri dishes as culture
containers „
The average yields obtained at maximum growth in T-15 and T-30
culture flasks with 1.1 ml of growth medium were approximately 10,000 organisms
per 1,1 ml medium in both systems. The corresponding yield in T-30 culture
flasks with 2.2 ml medium was approximately 19,000 organisms per 1.1 ml medium
which was twice as much as that obtained in the former two systems. The pH
values on the day of maximum growth were above 8 in the former two systems
and 7,8 in the latter system. It was evident from these observations that
1.1 ml growth medium had the potentiality of maintaining a population of
approximately 19,000 organisms under suitable environmental conditions. It,
however, took 35 days to reach maximum growth in T-30 culture flasks with
2.2 ml medium as compared to 25 days with 1,1 ml medium in T-15 flasks.
Since growth rate was observed to be independent of culture flask area, the
time required to attain maximum growth would increase with increased quantity
of growth medium.
In turbulent cultures, as shown in Figure 23 along with the "base"
curve, the growth of this species became rapid after exhibiting an initial lag
period of approximately 5 days. Under conditions of continuous shaking this
species grew at a maximum rate 2.33 times the "base" growth rate and also
produced a greater yield at maximum growth. Approximately 2«+,000 organisms
per 1,1 ml of medium were obtained at maximum growth and the corresponding pH
of the medium was 7.9. A greater yield was not obtained in any of the other
growth experiments performed under various environmental conditions.
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Growth at pH 8 was almost the same as the "base" growth and is
represented by solid circles in Figure 24, Growth observed at pH 5, as shown
in Figure 24
,
indicated an initial lag period of approximately 5 days., Extra
culture flasks prepared during this study for pH measurements showed that the
pH of the medium remained unchanged during the first 2 weeks. In the system
initiated at pH 5 the average yield of 10,550 organisms at maximum growth
was approximately the same as that obtained in the "base" growth study but
the time required to reach maximum growth was 32 days. The pH on the 32nd day
of incubation was 7.1, having increased from pH 5. Since the growth of the
organisms after a lag of 5 days started at a rate similar to the "base" rate
before any change in the pH of the medium had occurred, it was thought that
this lag in the growth rate was mainly due to a sudden change of the pH of the
medium
,
An experiment was designed to determine if the lag in the growth
could be eliminated by growing the organisms repeatedly at pH 5, T-15 culture
flasks containing 1,1 ml of growth medium buffered at pH 5 were used in this
experiment.
The experiment was initiated by transferring five copulating pairs
©f nematodes from a stock culture into one of the flasks prepared for this
study. This flask was marked 1A to indicate the first period of adaptation
-
pH 5, After 10 days, nematodes from this source were transferred to two
culture flasks. The flask which received 5 copulating pairs was used for
further adaotation at pH 5 and was marked 2 A for the second adaptation period.
The other flask which received one copulating pair was used to observe the
growth after the first adaptation and was marked as Gl, indicating that this
flask was prepared for a growth study after the first period of adaptation.
After another 10 days, nematodes from the flask marked 2A were transferred
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to two more culture flasks marked 3A and G2 depending on the purpose for which
they were to be used. This process of repeated adaptation and growth observa-
tion was continued until a growth pattern similar to the "base" growth was
observed in the culture flasks of the G-series. The experimental design is
shown in Figure 25. This experiment showed that if nematodes, adapted to pH 5,
were used as inocula for growth observations at the same pH, the lag in the
growth rate could be eliminated. The results of the growth observations are
shown in Figure 26
„
A portion of the "base" curve is also included in this
figure for comparison,,
The growth rate observed at 15°C, as shown in Figure 27, was 0,6
times the "base" growth rate. This study was discontinued after 45 days with
a population of only 3,950 organisms per 1,1 ml medium. This decreased growth
rate as well as yield were obviously due to the reduced motility of the organ-
isms o Growth observations made at 10°C are shown graphically in Figure 27
.
Like Diplogasteroides sp,, this species also died progressively at 10°C, Two
sets of culture flasks consisting of 12 and 6 flasks were removed on the 15th
and 30th day, respectively, from the 10°C chamber and maintained at room tem-
perature. The remaining four culture flasks were retained at 10°C and were
observed daily until the 42nd day when all the nematodes were observed to have
died. This set of 4 flasks was observed for 7 more days at room temperature.
Neither eggs nor larvae were seen in these flasks.
During the study at 10°C, eggs were «not seen in any of the culture
flasks when nematodes were incubated at 10°C. Growth curves which were
obtained to study the effect of storage of nematodes at 10°C on growth rate
after removal from the 10°C chamber showed that the reproduction rate as well
as the yield per culture were reduced as the storage period at 10°C was in-
creased (Figure 27), The yields obtained on the 24th day of observation in
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these two sets were 7710 and 6230 organisms per 1.1 ml medium, respectively,
which were 70 . 6 and 56.8 percent of the corresponding yield obtained in the
"base" growth study.
Growth experiments were set up for both the species at 35°C using
a hot air oven. Both the species did not survive at this temperature more
than 24 hours
.
Co Egg to Egg Period
The method of selection of the 20 female specimens for each of the
species, Diplogasteroides sp. and Diplogaster nudicapitatus was described
earlier and is shown in Figure 13. Nineteen out of the 20 female specimens
of Diplogasteroides sp. showed an egg to egg period of 7 days; the one remain-
ing showed this period to be 8 days. In the case of Diplogaster nudicapitatus.
,
18 out of the 20 female specimens showed an egg to egg period of 4 days; the
other two showed this period to be 5 days. Besides these twenty specimens the
egg to egg period was also determined for Diplogaster nudicapitatus with the
600 female nematodes used for the fertility study. The observed egg to egg
period was 4 days, 90 percent of the time and 5 days, 10 percent of the time.
Not a single case showed a period either less than 4 days or greater than 5
dayso
Thus the egg to egg periods of Diplogasteroides sp._ and Diplogaster
nudicapitatus
,
as obtained in this study, were 7 to 8 and 4 to 5 days, re-
spectively.
Egg to egg periods of nematodes vary in wide range. Life cycles as
short as 2 days for a Rhabditis species (15) and as long as 78 days for
Anafilaroides rostratus (48) are recorded in the literature. The life cycle
of the species belonging to the genus Rhabditis usually requires 2 to 14 days,
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and that of the species belonging to the genus Cephalobus varies from 14 to
21 days,
d Reproduction Pattern
A detailed study of the reproduction pattern was conducted with
only DiPlQgaster nudicapitatuso The observations made on the 20 female speci-
mens are tabulated in Appendix D, Tables XXXIV and XXXV . The summary of the
significant observations are given in Table XIII. The fertility period, which
has been defined earlier, is the number of days a female specimen laid eggs.
The fertility period was observed to vary from 3 to 11 days (Table XXXIV,
Appendix D). The mean fertility period, as shown in Table XIII, was 5,55 days.
TABLE XIII
REPRODUCTION PATTERN OF DIPLOGASTER
NUDICAPITATUS"
Fertility
Period
days
Female
Nematode
Born
s-
Female
Nematode
Fertilized
%
Longevity
days
Total Eggs
Laid per
Female
nos.
Mean
Standard
Deviation
Coefficient of
Variability
Standard Error
5o55
2,14
38.56
0,1479
50.0
6.35
12,70
1.420
87.4
19,1
21,85
4.273
19,0
2,29
12.05
0,512
60,0
31,2
52,0
6,979
The distribution histogram and the cumulative distribution curve for the
observed egg laying pattern over the maximum fertility period of 11 days are
shown in Figure 28 (Table XXXV, Appendix D). The cumulative distribution
curve shows that more than 90 percent of the eggs were laid within a fertility
period of 6 days, which is approximately equal to the mean fertility period of
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5o55 dayso Hence, it was thought that a distribution histogram similar in
nature to the one shown in Figure 28 and with a fertility period of 6 days
would be a more representative distribution histogram for the egg laying pat-
tern. The mean number of total eggs laid per female specimen during the
fertility period was 60 (Table XIII), On the basis of the above number of
eggs, the representative egg laying histogram for the fertility period of
6 days was obtained and is shown in Figure 29. The calculation involved in
obtaining the new histogram is given in Table XXXVI, Appendix D. This histo-
gram in Figure 29 may be replaced by a smooth curve whereby the total number
of 60 eggs is distributed over the entire fertility period of 6 days as 14,
16, 14, 8, 5 and 3, respectively . The fertility period was taken to be con-
tinuous although 2 out of 20 of the specimens showed a discontinuous fertility
period (Table XXXV, Appendix D)
.
A theoretical increase in nematode population for Diplogaster
nudicapitatus was estimated with the following characteristics obtained from
the studies on the reproduction pattern,
1, Egg to egg period 4 days
2, Length of fertility period 6 days
3, Nature of fertility period Continuous
4, Total number of eggs laid by
each female 60
5, Fertility factor (see page 37) 0,87
6, Male-female ratio 0,50
7, Longevity 19 days
Because of the nature of the experimental procedure it was also assumed that
food or nutrients were not limiting and that toxic metabolic end products
were not accumulated. The theoretical population is tabulated for 20 days
in Table XXXVII, Appendix D, The theoretical growth curve along with the
"base" growth curve are shown in Figure 30,
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The theoretical growth curve is also found to be "scalloped," at least
for a period equivalent to two egg to egg periods. The growth rate was —
x
3,7
days"" which was 1.62 times the "base" growth rate. This "scalloped" nature
of the growth curve was mainly because of an advanced type of egg-laying pattern,
Nematodes showing advanced type of egg-laying pattern will lay most of their
eggs within the first 2 or 3 days of the fertility period. At the beginning
of the growth period when there is only one female the growth curve is the
same as the cumulative egg-laying curve which will be "scalloped ." Furthermore,
a semilogarithmic plot makes the "scalloped" nature of the curve more prominent.
After a period equivalent to 2 to 3 egg to egg periods the "scalloped" nature
of the growth curve decreases. When the population in a culture flask attains
a certain number, nematodes will be found at all stages of the fertility period.
Therefore, beyond a certain period the growth curve will be more uniform rather
than "scalloped o"
After a period equivalent to 2 egg to egg periods the theoretical
growth curve proceeds in a straight line with a constant growth rate. While
the "base" growth curve, as obtained in T-15 culture flasks, was found to
advance with a decreasing growth rate, the theoretical growth curve was ob-
tained under conditions where food or nutrients were not limiting and toxic
metabolic end products were not accumulated. Such ideal environmental condi-
tions do not exist either in culture flasks or in nature. However, if repro-
duction continues at the theoretical rate nearly 2 x 10 6 nematodes would be
produced in 5 generations, completed in 3 weeks. Normally the population
would never increase at such a rate because of various environmental factors
but the high reproductive potential indicates the possibility of an extremely
rapid build up when conditions are favorable. Working with Aphelenchoides
|
£**£Sb£S£, a plant parasitic nematode, French et al. (49) theoretically
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estimated nearly 2 x 10 6 nematodes in 5 generations within 2 months on the
basis of the average offspring produced in the first generation. They could
never obtain the estimated rate of reproduction in their laboratory cultures,
E„ Discussion
lo Motility versus Growth
Diplogasteroides sp. and Diplogaster nudicapitatus are motile
nematodes and as is true with many species, the motility is essential for
survival of these organisms. According to Von Brand (28) free-living nema-
todes found in aquatic habitats must be considered fundamentally as swimming
animals
.
Since nematodes generally are dioecious or bisexual, reproduction
may not be possible under conditions where they are immobilized. It was
shown in the initial as well as the growth studies that nematodes can lose
their motility, partially or completely, under adverse environmental condi-
tions* Thus, any environmental condition, which can inflict a restriction on
the motility of these organisms, could serve as an indication of their rate
of reproduction That such a relation does exist was observed a number of
times during the present investigation
„
The study on the effect of temperature on nematode motility indicated
that these organisms could be almost immobilized by exposing them to 10 aC as
well as to 40°C for o 5 hour. It was also demonstrated through the results
of the growth studies that reproduction was not possible at these two tempera-
tures. From the data obtained at 15° and 3 5°C, it was seen that growth of
both the species occurred only at 15°C even though more than 50 percent of
both the species remained motile at 15° and 35°C, It must, however, be borne
in mind that the organisms were exposed for a short time at various tempera-
tures during the initial studies to get a quick and reliable guide line for
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the growth study
.
This short period of exposure was not sufficient to immo-
bilize the nematodes completely at 35°C
It was also observed that the growth rate of both the species
decreased with a decrease in the number of the motile nematodes. The growth
rates obtained at 15°C were 0. 73 and 0.6 times the "base" growth rate with
Diplogasteroides sp^ and Diplogaster nudicapitatus, respectively, thus showing
the possibility of a correlation between the percentage of motile nematodes
and the rate of reproduction of these organisms.
The results of the initial as well as the growth studies with respect
to pH also showed that growth was not possible at those PH values where nema-
todes were immobilized in a shorter time than at pH 7. Both species, when
subjected to pH 4 or less in the initial studies, were immobilized more rapidly
than at pH 7, The results of the growth studies also showed that these two
species failed to reproduce at pH 4 or less. Similar correlation also was
obtained between motility and growth under alkaline conditions
.
Previous investigators (44, 45, 46, 47) used the degree of motility,
rather than the percentage of motile nematodes, as a parameter for the deter-
mination of the optimal temperature range. They used arbitrarily chosen
limits to categorize the degree of motility, like slow, moderately active,
very active, etc.
,
because of the lack of a suitable method for measuring the
degree of nematode motility,.
In the present investigation on the effect of temperature on
j
nematode motility, the nematodes were classified only as motile and immobile.
Of course, nematodes at all stages of motility were considered as motile nema-
:odes. In conformity with the present classification is the observation that
the optimal temperature for greater growth cannot be obtained from the degree
of motility alone. Both species demonstrated a higher degree of motility at
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35°C than at 20° or 25°C when exposed to these temperatures for 0.5 hour. The
number of motile nematodes was, however, greater at the latter temperatures.
The results of the growth studies showed that a temperature of 35°C was lethal
to both species within a period of 24 hours, whereas temperatures in the
vicinity of 20° to 25°C were most suited for reproduction.
This relationship between motility and growth also suggests that
immobilization of nematodes may be a possible method of preventing nematode
growth where eradication by killing may not be feasible.
2. Culture Area versus Growth
The growth rate of Diplogasteroides sp. per unit area for the
three different culture containers as well as the relative unit area growth
rate have been calculated and are shown in Table XIV along with other signifi-
cant experimental parameters. Growth rate per unit area indicates the in-
crease in the nematode population per day per unit area of culture container.
The relative unit area growth rates in Table XIV have been obtained by com-
paring the growth rates per unit area in the T-30 and P-57 systems with the
"base" growth rate per unit area. The relative unit area growth rate decreases
as the area of culture container increases, which suggests that the change in
nematode population per day per unit area decreases with an increase in the
area of the culture container. This is in agreement with the view that,
starting with equal number of organisms, the chances of mating and, conse-
quently, the rate of reproduction would decrease with the increase in the area
of culture container.
It was, however, observed, as has been reported earlier, that the
growth rate of Diplogasteroides sp. increased as the area of the culture con-
tainer increased. To account for the higher growth rate of this species in
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T-30 and P-57 culture containers as compared to the "base" rate in T-15 culture
flasks an additional fact is required. This nematode species was highly motile
and its rate of motility was much higher than the other species used in this
stud^ Diplogasteroides sp^ was always observed to be thrashing around over a
much larger area in the culture container; while Diplogaster nudicjgitatus was
found to move within a limited space
.
On the basis of the above observation
t would seem reasonable to assume that the area of the containers used for
the growth studies was not large enough for observing the "natural" growth
rate of Diplogasteroides sp^ The word "natural" has been used to indicate
that growth rate which could be obtained in the same growth medium in a con-
tainer having a surface area large enough for the free movement of this
species. The smaller the area of the container, the greater was the adverse
effect of the boundary on the motility of this species. A greater freedom of
movement in the containers with larger areas overshadowed the decreased inci-
dence of mating and thus resulted in a higher growth rate.
It is, therefore, proposed that the increase in the area of a culture
container may have a dual, effect on the growth rates (1) decreasing the growth
rate by reducing the chances of mating, and (2) increasing the growth rate by
improving the freedom of movement of the organisms
.
The larger the area of the culture container the greater the freedom
i
of movement
.
For every species, however, there exists a "critical" area
beyond which "natural" growth could be observed. The "critical" area may be
defined as that area which has just ceasec' to impose any restriction on the
free movement of the organisms. Beyond this "critical" area, the growth rate
is not expected to increase as a result of more freedom of movement of the
organisms. On the other hand, the chances of mating will always decrease as
the area of culture container is increased. From the data presented in
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Table XIV It can be seen that as the area of culture container was increased
the growth rate increased with a decreasing amount. It is, therefore, exoected
that beyond a certain area of culture container the growth rate would start
decreasing with the increase in area. This area will be equal to or less than
the "critical" area.
Besides being of academic interest, the findings of this study have
further significance. The "natural" growth rate of highly motile species of
nematodes may not be fully expressed where a boundary effect exists. There-
fore, care must be taken in choosing the shape and size of the culture container
while working with such highly motile species. During the present Invest iga~
lion," except for the studies on the effect of area, T-15 culture flasks were
always used so that the adverse effect, if any, of the boundary was eliminated
during comparison.
In System 4, under the effect of area as given in Table XI, that is,
P-57 Petri dish with HA ml of growth medium, the yield at maximum growth was
approximately 20,000 organisms per LI ml medium. It was shown in the "base"
growth study as well as in Systems 1 and 3, under effect of area as given in
Table XI, that a yield of approximately 30,000 organisms could be obtained in
1.1 ml of growth medium. The lower yield in System 4 may be explained as
follows. As the population increased and approached maximum growth the organ-
isms were found to concentrate more at the periphery than at any other place
in the culture container. This caused over crowding at the periphery much
sooner than expected. The ratios of periphery to the area of the culture
containers are given in Table XIV. P-57 Petri dishes, which were used In
System 4, had the minimum peripheral length per unit area. In this system 9
|
although the quantity of 4.4 ml of growth medium had the potentiality of sup-
|
porting a population of approximately 120,000 organisms, the yield at max;
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growth was only approximately 80,000, This lower yield was very likely due to
the premature overcrowding at the periphery.
The other species, Diplogaster nudicapitatus
, did not demonstrate
any area dependency when the growth studies were conducted in T-15 and T-30
culture flasks. However, during the studies on reproduction patterns, this
species produced an average of 52 offspring within one egg to egg period of
U days in the Boerner slides
.
In culture flasks the average number of off-
spring produced per female within one egg to egg period was 38 (Figure 30)
.
The effective area provided in the Boerner slides was 1.77 sq cm. The more
intimate contact between the male and female of this less motile species of
nematodes may be the reason for the higher reproduction in the Boerner slides
than in either T-15 or T-30 culture flasks.
3
«
Yield at Maximum Growth ~ Diplogaster nudicapitatus
The data in Table XII have been regrouped and are presented in
Table XV
.
The data in Group I indicate that the growth of Diplogaster nudi-
capitatus ceased when the population reached approximately 9,000 to 11,000
organisms per 1.1 ml medium. Growth in this group might have ceased due to
one or more of the following factors; unfavorable pH, exhaustion of food and
nutrients, overcrowding and toxicity of metabolic end products.
The results of Group II also showed a yield at maximum growth of
10 9000 to 11 S000 organisms per 1.1 ml medium even when the pH of the medium
on the day of maximum growth was° below 8. The data in Group III, however,
suggested that neither exhaustion of food and nutrients nor overcrowding were
the causes of lower yields in Groups I and II, because approximately 19,000
to 24 9000 organisms per 1.1 ml medium per 15 sq cm of culture area were ob-
tained in Group III. The greater yields in Group III may be due to one or
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more of the following factors; lower accumulation of toxic metabolic end
products, lesser toxicity of metabolic end products and pH of the medium. All
these may have resulted due to the environmental conditions under which growths
in Group III were observed.
Thus, the toxicity of the metabolic end products coupled with the
alkaline condition of the medium remain as being partially or wholly responsible
for the lower yields in Groups I and II. Growth studies were not carried out
at pH values above 8 and below 9. The qualitative significance of pH 8.2 ob-
tained in Group I on the day of maximum growth is difficult to assess. The
following observation, reported by Von Brand and Simpson (50), should be con-
sidered in evaluating this aspect. They showed for the larval parasitic nema-
tode
»
Eustrongylides ignotus
,
that filtrates of Bacillus subtilis cultures
were highly toxic to the worms only at pH values above 8 while acidified cul-
ture filtrates were practically innocuous. It was also shown in this case 9
that the toxic substance was ammonia and that only ammonia was~toxic to the
larvae, while ammonium ions were harmless. It must be emphasized that the pH
of the medium itself was not a factor in the toxicity; solutions adjusted with
NaOH to the same pH as the toxic culture filtrates were non-lethal.
4
° Diplogasteroides sp. versus Diplogaster nudicapitatus
Beginning with the Class Nematodea, the classification (51) of the
three genera
s Rhabditis , Diplogasteroides , and Diplogaster are shown in
Figure 31 It is seen in this figure that the two genera Diplogasteroides
and Dipiogaster are closely related to each other. However, in the present
investigation it has been shown that Diplogasteroides sp. and Diplogaster
nudicapitatus responded with significant differences to the various environ-
mental conditions.
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Class NEMATODEA
Order RHABDITIDA
Suborder RHABDITINA
Super family : RHABDITOIDEA Super family : DIPLOGASTEROIDEA
Family
Genus
RHABDITIS
RHABDITIDAE
Sub family : RHABDITINAE
Family
Genus
DIPLOGASTEROIDES
DIPLOGASTERIDAE
Sub family : DIPLOGASTEROIDINAE
Genus
DIPLOGASTER
FIG. 31 CLASSIFICATION OF THE THREE GENERA '.
RHABDITIS , DIPLOGASTEROIDES AND DIPLOGASTER
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The egg to egg period of Diplogasteroides sp. was 7-8 days and that
of Dj
-Plogaster nudicapitatus 4-5 days. The growth rates of both species in
T-15 culture flasks with 1.1 ml of synthetic growth medium were very similar
to each other. This suggests that the egg to egg period alone cannot be an
index of the reproduction rate. The reproductive capacity of females along
with egg to egg period are the major factors in governing the rate of repro-
duction. Overgaard (31) observed that a female of Panagrolaimus elongatus
producing 209 eggs in 22 days showed a higher growth rate than Plectus parvus
which produced 96 eggs in 15 days, although there was no difference in their
egg to egg periods.
Growth rate of Diplogasteroides sp. increased as the area of culture
container was increased from 15 sq cm to 30 sq cm and finally to 57 sq cm,,
Growth rate of Diplogaster nudicapitatus
, however, was not affected by in-
creasing the area of culture container from 15 to 30 sq cm. Greater repro-
duction, however, was obtained when the latter species was grown in Boerner
slides, with an area of 1.77 sq cm. Nematodes are generally dioecious or
bisexual, that is, they exist as separate males and females. Increased
probability of contact between male and female in the smaller culture area
may increase the reproduction rate, especially with a less active species
lifce Diplogaster nudicapitatus. However, with highly motile species like
Diplogasteroides sp. , limited area of culture container may adversely affect
the reproduction rate by restricting the free movement of the organisms.
Diplogaster nudicapitatus multiplied at a greater rate in agitated
cultures. Since it is a less motile species shaking increased the frequency
of collision. Consequently, the chances of mating and, thereby, the rate of
reproduction were increased. The presence of various species of Diplogaster
in running water have been reported in the literature (16, 17). These field
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observations and the results of the present laboratory studies suggest a
continued persistance of species of Diplogaster in receiving streams after
being discharged from waste treatment plants as was shown in a previous
report (9),
On the other hand, the yield at maximum growth as well as the
reproduction of Diplogasteroides sp. were reduced by continuous shaking. It
appears that this species prefers quiescent conditions over agitation and
this may be one of the reasons of early disappearance of Diplogasteroides in
the receiving stream below the waste treatment plant. Not much is known about
the natural habitat of Diplogasteroides
. Hirschmann (16), however, has in-
cluded Diplogasteroides in the saprobiont group along with Rhabditis and
Diplogaster, By placing three types of bait on the banks and in the water of
ponds and rivers, Hirschmann captured nematodes representing 56 different
species, A portion of the data collected by Hirschmann as related to the
present study is given in Table XVI, The specific names are not given , but
the presence and absence of each species is indicated in the table. Thus,
TABLE XVI
NEMATODES OF BANKS AND WATERS OF PONDS, RIVERS
(HIRSCHMANN, 1952), SPECIES CAPTURED WITH
3 TYPES OF BAIT (16)
Genera Meat
' Potato
~~~~~~ZIIj!}^
Rhabditis xxxx
. . xxxxx . . .
„
xxxxxx, . . . ,xxxx xxxxxx,., £
Diplogaster xxxx,,, xxxxxx, xx.,x,x
Diplogasteroides
,
, x
Notation; x indicates species present
» indicates species absent
the first four species of Rhabditis were present as a result of all three
baits, whereas the next two were absent with the meat bait but present with
the others
.
The data show that Hirschmann was not able to capture any species
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of J^fSSHESi^E either on the banks or In the water except for the solitary
one in dungo The conspicuous absence of Diplogasteroides indicates the elimi-
nation of these places as natural habitat of this genus,
Diplogasteroides sjk was found capable of reproducing when the pH
of the medium was between 5 and 9
. Conditions at pH 4 and 10 were lethal to
this species
,
Since studies were not conducted at pH values between 4 and 5
and between 9 and 10, it is not possible to indicate the exact pH range of
tolerance. In the range between 5 and 9 , however, the pH of the medium exerted
no influence on the growth of Diplogasteroides sp. Conditions at pH U and 9
were found to be lethal for Diplogaster nudicapitatus. At pH 5 this species
grew with difficulty, and only after adaptation for a short period at this pH
could it reproduce at "base" growth rate without difficulty.
Data shown in Tables XI and XII indicate that both species were
capable of influencing the pH of their environment even though the medium was
provided with 0.1 molar buffer solution. Growth studies initiated at pH 6„8
or 5 showed that the pH of the medium gradually shifted towards the neutral
zone and finally towards the alkaline side. While growth studies carried out
at pH 8 or 9 showed that the pH of the medium shifted slightly towards a
neutral pH (Tables XXVI through XXXIII, Appendix C). Von Brand and Simpson (50)
also observed that the pH of nutritive solutions in which axenic larval cul-
tures of EustrOTgylides ignotus were maintained shifted towards the acid side
when growth was initiated at either slightly alkaline or slightly acidic con-
ditions but towards the alkaline side if initial medium was strongly acid.
They also indicated that this capacity of exerting a certain regulatory influ-
ence on the environmental pH was probably widespread among nematodes, Whitlock
2L£:Ll ^ 52 ) also reported a similar regulatory influence of nematodes on the
environmental pH,
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The temperatures at which the highest percentage of nematodes were
found motile in the initial studies were 20°C for Diplogasteroides sju and
25 ° C for Diplogaster nudicapitatus
. "Base" growth studies were, however, con-
ducted at room temperature which varied from 23° to 28°C during the period of
study. The average room temperature may be considered to have been 25°C„ At
15°C both species reproduced but at a slower rate. Whereas, at 35°C conditions
proved to be lethal to both species. Neither of the two species could survive
even 24 hours at 35°C. At 10°C, although reproduction ceased, these species
continued to survive for 17 to 42 days. It may, therefore, be inferred that
warmer temperatures are more harmful to both species than cooler temperatures.
Growth rates of both species were retarded when incubated at 15°C
The relative growth rates, that is, 0.73 for Diplogasteroides sp. and 0.6 for
Diplogaster nudicapitatus
, indicated that the growth rate of the latter species
was more adversely affected at 15°C than that of the former species* Initial
studies on the effect of temperature on nematode motility showed a greater
percentage of Diplogaster nudicapitatus to be immobilized at 15°C than of
Diplogasteroides sp. Results of both initial studies and growth studies were
in agreement and, thus, again indicated a strong correlation between percentage
of motile nematodes and growth rate.
Both species when incubated at 15°C showed lower yields of nematode
population. Decreased percentage of motile nematodes may account for reduced
growth rates as well as lower yields. Lower yields also might have resulted
from physiological disability caused by prolonged incubation at 15°C.
Growth studies at 10°C showed that Diplogaster nudicapitatus was
more resistant to lower temperatures than Diplogasteroides sp. The former
species could survive for 42 days at 10°C while the latter for 17 days only.
As a result of 9 days' incubation at 10°C Diplogasteroides sp„ produced a
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population one-thirteenth the maximum population observed in the "base" growth
study in 26 days. Thus, this species suffered extensive physiological damage
due to 9 days' storage at 10°C, while Diplogaster nudicapitatus exhibited a
growth similar to the "base" growth even after 15 days' storage at 10°C. Of
course, after 30 days' incubation at 10°C the growth rate as well as the yield
at maximum growth were found to be less than the "base" growth indicating
some physiological damage. Thus, Diplogaster nudicapitatus may remain dormant
for 30 days at 10°C and whenever conditions become favorable may again repro-
duce o
During the "base" growth studies it was shown that the growth rate
of Diplogasteroides sp^ was slightly higher than that of Diplogaster nudicap-
itatus. The yield at maximum growth was approximately 30,000 organisms per
1.1 ml of growth medium with Diplogasteroides sp, while that of Diplogaster
nudicapitatus was approximately 10,000 organisms per 1.1 ml of growth medium,
Diplogasteroides sp, is approximately twice as large as Diplogaster
nudicapitatus. It has been shown by many investigators that smaller specimens
J
have a higher rate of metabolism per unit weight than larger ones. The meta-
bolic rate has been measured by the rate of oxygen consumption, Zuethen (53)
made an extensive study of the weight-metabolism relationship and proved the
validity of the above statement both in intraspecif ic as well as interspecific
comparison of organisms, Zuethen selected nematodes from various genera for
intraspecific comparison, while for interspecific comparison organisms belong-
ing to different phyla were chosen. It is, therefore, likely that Diplogaster
nudicapitatus
,
being smaller in size, has a higher rate of metabolism per unit
weight than Diplogasteroides sp.
In the initial studies on the effect of pH on nematode motility it
was shown that Diplogaster nudicapitatus was more sensitive to pH changes
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above 8 than Diplogasteroides sp. (Figure 15), When the population approached
maximum growth, the pH of the medium was above 8 for both species, In the
discussion on the data summarized in Table XV, it was suggested that toxicity
of metabolic end products associated with unfavorable pH were the possible
causes for the early termination of "base" growth of Diplogaster nudicapitatus.
Species of Diplogaster have been reported in fresh and running water
and these have been listed as fresh water species. On the basis of the nature
of the habitat, it is emphasized that Diplogaster nudicapitatus may be less
resistant to toxic metabolic end products than Diplogasteroides sp. Thus, it
appears that, due to the combined effect of the several factors listed below,
the yield of Diplogaster nudicapitatus at maximum growth was less than that
of Diplogasteroides sp. The factors include;
1. higher metabolic rate
2, greater toxicity to metabolic end products, which may
have resulted from
a, greater accumulation
b, less resistivity of the species
3 unfavorable hydrogen-ion concentration of the medium.
Since as many as 24,000 organisms per 1,1 ml of growth medium were obtained
with Di
-Plogaster nudicapitatus in agitated cultures, a higher metabolic rate
may be considered as an insignificant factor. The other two factors appear
to be more significantly involved in causing lower yield in Diologaster
nudicapitatus cultures.
During the "base" growth study with Diplogaster nudicapitatus, a
very small percentage of dead nematodes were present in the culture flasks on
the 25th day which was the day of maximum growth. The average life span of
this species, as determined from the studies on reproduction patterns, was
1 19 dayso The nematodes born during the first 6 days would be expected to be
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dead on the 25th day on the basis of a longevity of 19 days. The average
number of organisms per culture flask was approximately 100 and 10
s
000 on the
6th and 25th day, respectively. Thus, the calculated 1 percent dead nematodes
on the day of maximum growth agreed fairly well with the actual observed count,
However, on the 35th day, 90 percent of the nematodes were found to
be dead in the culture flasks
.
On the basis of a longevity of 19 days, only
those that were born during the first 16 days would have died by the 35th day.
The number of organisms per culture flask on the 16th day was 2,000 which con-
stituted only 20 percent of the total population, assuming no Increase in
total population beyond maximum growth. Food and nutrients were definitely
non-limiting since 1,1 ml of the culture medium maintained at least 24,000
organisms when agitated. It must, therefore, be emphasized that the toxicity
of metabolic end products, coupled with an unfavorable pH is the probable
major factor for the rapid death of Diplogaster nudicapitatus beyond maximum
growth,
5, Reproduction Habits
Only limited investigations have thus far been conducted on the
reproductive habits of nematodes, Hirschmann (54) mentioned, as general
i
information,, that some aquatic and terrestrial nematodes lay a smaller number
of relatively large eggs, 50 or less per female, over a long period of time,
In saprobiont groups such as Rhabditis, Diplogaster, Panagrolaimus, a single
I female may lay more than 200 eggs within one week. As a general rule, para-
,
sitic nematodes lay more eggs per female than free-living forms.
However, in the present investigation with Diplogaster nudicapitatus,
;each female produced an average of 60 offspring, the maximum and minimum num-
I
!ber of offspring being 144 and 26, respectively . The average fertility period
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was observed to be approximately 6 days and this period varied from 3 to 11
days. The average longevity was 19 days with a variation from 16 to 24 days,
The fertility period was observed to be generally continuous. The average
fertility period was one-third the average life span of this species. With
Anafilaroides rostratus
,
Seneviratna (48) demonstrated the fertility period
to occupy two-thirds of the life span of this species.
Bisexual species usually produce an equal number of females and
males (54). In the present investigation with Diplogaster nudicapitatus
males and females among the offspring of the 20 female snecimens always
occurred with equal frequency proving this as a bisexual species. The fer-
tility factor obtained with this species was 87 percent, that is, the remain-
ing 13 percent of the females were never fertilized. The reason for some of
the females not being fertilized is beyond the scope of the nresent invest i-
gation„ A survey of the literature on the reproduction of nematodes failed
to show any mention of the existence of unfertilized females.
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IV, GENERAL DISCUSSION AND SIGNIFICANCE OF RESULTS
The investigation of the waste treatment plant revealed a significant
seasonal distribution of the nematode population in the final effluents of the
activated sludge and the trickling filter processes. The population was a
minimum during the periods of extreme temperature. The remarkably higher nema-
tode concentrations in the months from October through January, as compared to
the remainder of the year, certainly indicate that the cooler months are more
favorable for nematode breeding than the warmer months. The data shown in
Figure 6 indicated highest nematode population when the effluent temperature
was between 17° and 18°C, It must be emphasized that the relationship of
nematode reproduction with any of the various environmental factors influencing
reproduction in the biological processes is difficult to evaluate because of
the inherent complexity of these processes. An endeavor towards this end was
carried out using a computer in the present investigation without much success.
To obtain basic data regarding the factors governing the survival and growth
of nematodes in these environments, controlled laboratory experiments have
been carried out
Pure cultures of the two species, Diplogasteroides sp. and Diplogas-
ter nudicapitatus, were used throughout the laboratory studies. Species of
the genus Diplogasteroides was chosen for its preponderance in waste treatment
plants, while species of the genus Diplogaster was selected for its frequent
occurrence in the plants as well as in surface waters. They were grown axeni-
cally in a buffered liquid synthetic medium consisting primarily of casein and
serum along with antibiotics to prevent the growth of other microorganisms.
The results of the laboratory studies at various temperatures also
indicated that warmer temperatures were more harmful to these worms than
cooler temperatures. At cooler temperatures, depending on the intensity of the
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temperature, the nematodes either reproduced at a slower rate or remained
dormant o The room temperature used in the growth studies varied between 23°
to 28°C while the effluent temperature during the period of survey ranged
between 9° and 27°C„ Thus the upper range of the effluent temperature was
always lower than that of the room temperature. Therefore, environmental
factors other than effluent temperature were responsible for the lower nema-
tode populations during the warmer months. The effluent temperature did
decrease below that at which nematode reproduction was found to be either
retarded or even terminated in the laboratory studies. During the months of
February and March the effluent temperature varied between 10° and 13°C„ The
nematode content of the effluent in this period was the lowest of all the
months. Laboratory studies also showed either extremely retarded or no growth
in this range of temperature.
Previously reported field surveys (8) have shown waste treatment
plants to be the primary source of excessive numbers of free-living nematodes
in surface waters and have indicated that the organisms persist for considerable
distances in streams below waste treatment plants. This study also showed that
the rate of disappearance of nematodes In the receiving stream decreased with
decreased stream temperature. The nematode concentration at any downstream
location will depend on the initial concentration at the sewage treatment plant
outfall and the rate of disappearance in the stream. Cooler months are, there-
fore, ideally suited for prolonged persistence of nematodes in the receiving
streams.
Studies (55) on different streams also have shown that the death
rates of microorganisms are less under cool-weather conditions than in warm-
weather conditions. Thus food for nematodes in the form of microorganisms
also persist in cool-weather conditions. This prolonged availability of food
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may further assist the nematodes to remain in the stream during cooler months.
Because of the dual use of streams, the personnel of downstream water treatment
utilities should become more alert to the possible presence of nematodes during
the cooler months <,
Except for a few unidentified cases , nematodes in waste treatment
plant effluents always belonged to the following three genera which are
arranged In order of predominance? Diplogasteroides , Diplogaster and Rhabdltis,
The present study fully corroborates" the views of Chang and Kabler (7) that
nematodes belonging to the genus Diplogasteroides predominate In aerobic waste
treatment plant effluents. The studv of Hirschmann (16) as well as the results
of an extensive stream survey (9) indicate the absence of Diplogasteroides In
surface waters On the other hand
s soecies ©f Diplogaster continued to thrive
in running waters
„
Present laboratory studies on Diplogaster nudicapitatus
also indicated that its best growth rate Is under turbulent conditions „ From
the point of view of the stream, water supply and waste disposal are Inseparable
parts of the same problem » Any detection of species of Diplogasteroides In
raw or treated water may indicate recent pollution,,
Care should, therefore , be exercised In dealing with waters containing
j^lgg^teroldes
"
Although streams constitute the general source of public
water supply as well as the final disposal site for sewage or its decomoosi-
tlon products 2 water treatment utilities always maintain a safe distance from
waste treatment plants „ Thus, the probability of Diplogaster arriving at the
water treatment Intake is greater than that of Diplogasteroides because of the
distance involved. Any identification of species of Diplogaster in raw or
treated water 9 therefore,, may Indicate remote pollution . Because of the
limited Investigations,, any suggestion of using these organisms as an indicator
of pollution would be unwarranted at the present time „ The use of Diplogaster
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as an indicator of pollution has the usual limitation of being an indirect
test. In the first place, they are basically fresh water species. In this
respect Diplogasteroides may be more typical of sewage origin. Again the
interpretation of the significance of nematodes in a drinking water in terms
of disease hazards, is indirect and may be statistical. Secondly, more inten-
sive investigations are required on sewage treatment plants before a species
typical of sewage origin may be established.
The results of the present study stronglv indicated that trickling
filters represented a more favorable breeding site for nematodes than the
activated sludge process,, Primary and secondary clarifiers as well as primary
and secondary digesters assist in removing nematodes from the waste. It has
been demonstrated that nematodes are continuously being carried into the
waste treatment plant along with the raw sewage. If this seeding could be
minimized or completely eliminated, the nematode reproduction in waste treat-
ment plants may decline or even completely cease. Where eradication by killing
is not feasible, immobilization of nematodes may serve as a temporary method
of control for nematode growth. Laboratory studies have shown that nematode
reproduction is reduced or terminated under conditions where the percentage of
motile nematodes is decreased or completely immobilized. Therefore, it is
felt that immobilization of nematodes followed by chemical coagulation and
sedimentation of the raw sewage may be a successful means of preventing seeding
in waste treatment plants. Abatement at the source is the most desirable con-
trol measure especially when the source is a continuous one. It would seem
desirable to direct more effort towards possible means of removing nematodes
from raw sewage.
The laboratory studies on the reproduction Dattern of Diplogaster
nudicapitatus indicated a high reproductive capacity of these organisms.
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This high reproductive potential indicates the possibilities of extremely
rapid build up of population when conditions are favorable. If the concen~
tration of nematode content in the final effluent of a waste treatment plant
is to be reduced, the control measure should be employed on the raw sewage
rather than on the effluent. Thus the organisms would be removed before they
are given the opportunity to build up by reproduction during aerobic treatment.
In laboratory studies with Diplogasteroides sp. , a range of pH values
between 5 and 9 showed no deleterious effect on the rate of reproduction of
this species o Diplogaster nudicapitatus , however, could grow at pH 5 after
adaptation to this environmental pH, When subjected to pH 8 Diplogaster nudi-
capitatus reproduced at a rate comparable to the "base" growth rate at a pH 6,8,
while pH 9 was found to be lethal.
Water treatment utilities using chemical coagulation-sedimentation
generally operate in the pH range between 5 and 6.5 for optimum coagulation,,
Thus 9 the environmental pH in this unit process may not be lethal to the
organism, but removal of the organisms will be accomplished as a result of
coagulation and precipitation. The extent of removal, of course , will depend
upon the overall efficiency of the process. On the other hand the excess
lime-soda ash method used to reduce the hardness in water operates at a pH
value of 10 o 8 or higher. The laboratory studies on the effect of pH on nema-
tode motility indicated that at pH 11, a period of 1 and 3 hours is required
for 90 percent immobilization of Diplogasteroides sp, and Diplogaster nudi-
capitatus
, respectively, A significant number of nematodes, therefore, could
be expected to be immobilized during the reduction of hardness in water
treatment plants. Since immobilization may enhance settling of nematodes 9
water softening processes would be more efficient in the removal of the
organisms than chemical coagulation.

114
Studies on the effectiveness of present-day water treatment methods
in removing nematodes are not available in the literature. However , somewhat
limited and related observations reported by Chang et al. (6) may be mentioned.
The three different cities studied in the states of Louisiana, Kansas and
Texas which used lime or lime-soda softening method showed no nematode decrease
from raw water to finished water. These observations are, however, based on
the analysis of one sample from each city water supply. From the point of
view of the present discussion the above observations made by Chang et al, (6)
are discouraging. However, pending additional data it is believed that of all
the unit processes and operations now commonly used in water treatment util-
ities, except filtration, hardness reduction by chemical precipitation has
the maximum potentiality in removing nematodes. However , no definite conclu-
sion can be made unless more studies are undertaken to evaluate the efficiency
of present-day water treatment methods in removing these organisms.
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V c CONCLUSIONS
1. Raw sewage continuously supplies nematodes to waste treatment plants and
considerable reproduction occurs within the plants „ Nematodes are par-
tially removed in primary and secondary clarifiers and are unable to
survive in anaerobic processes
.
Both activated sludge and trickling
filter processes are breeding sites for nematodes. Maximum nematode
propagation occurs in waste treatment plants during the cooler months
,
2 The most commonly occurring nematode genera in aerobic sewage treatment
plants are Diplogasteroides
,,
Diplogaster and Rhabditis; Diplogasteroides
being the most predominating genera in the final effluent of both the
activated sludge and the trickling filter processes
.
3c "Base" growth rates in 1.1 ml of the synthetic growth medium at room
temperature in T=15 culture flasks at pH 6*8 are 19 and 0„17 days
=1
for Diplogasteroides sp, and Diplogaster nudicapitatus » respectively.
f
.
In a range of culture area between 15 and 57 sq cm the rate 'of growth of
Diplogasteroides spo_ is increased by an increase in the area of the
culture container
.
In a range of culture area between 15 and 30 sq cm
the rate of growth of Diplogaster nudicapitatus is independent of the
area of the culture container
.
5„ Agitation reduces the growth rate of Diplogasteroides sp. and increases
the growth rate of Diplogaster nudicapitatus
„
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6, Nematodes remain active within a temperature range of 15° to 30°C. Optimum
temperatures for nematode motility are 20° and 25°C for Diplogasteroides
£Ei anci Diplogaster nudicapitatus , respectively,
7 At 15 °C, growth rates of Diplogasteroides sp, and Di£logaster nudicapitatus
are retarded to 0,73 and 0,60 times the "base" growth rate 9 respectively
,
8 Although no growth occurs when nematodes are incubated at 10°C S the
organisms resume reproduction when they are returned to a favorable envi=
ronmento Cultures of Diplogasteroides sp a incubated at 10°C for as long
as 9 days resume reproduction when returned to room temperature,, Diplo»
gaster nudicapitatus after being stored at 10°C for 30 days resumes growth
when returned to room temperature. At 10°C Diplogasteroides sp, and
Diplogaster nudicapitatus survive for 17 and 42 days, respectively. Both
species cannot survive at 35°C for more than 24 hours,
9, Immobilization of nematodes occurs more rapidly in alkaline than in acidic
conditions, Diplogasteroides sp, can survive and grow at a rate equal to
the "base" growth rate within a pH range of 5 to 9, With Diplogaster nudi-
capitatus, the pH range for survival and growth is between 5 and 8 9 Diplo-
gaster nudicapitatus also reproduces at its "base" growth rate when sub-
jected to pH values of 5 or 8, although an initial lag period occurs at pH
5 Q This species j when acclimated to pH 5 9 can reproduce with no initial
lag at that pH D Diplogasteroides sp, cannot survive at pH 4 or below nor
at pH 10 or above. The corresponding pH values for Diplogaster nudicapi-
tatus are H and 9,
10, The pH of the growth medium when provided with 0,1 molar buffer is shifted
towards the alkaline side when the growth of the two species are initiated
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in acidic or neutral conditions, but the pH of the medium is slightly
reduced when growth is initiated under alkaline conditions.
L1
-
Diplogaster nudicapitatus is more resistant to a variation in temperature
than Diplogasteroides sp.
,
while the latter species is more resistant to
pH changes than the former.
2. Starting with a copulating pair of nematodes, the "base" growth curve is
observed to be "scalloped" with the distance between "humps" corresponding
to the egg to egg period of the organism, which is 7 to 8 days with Diplo-
gasteroides stk and 4 to 5 days with Diplogaster nudicapitatus
. The egg
to egg period is further verified by determining the time which elapses
between the birth of a female nematode and the time she begins having
young.
3. Diplogaster nudicapitatus is dioecious or bisexual. Each female produces
an average of 60 offspring within an average fertility period of 6 days.
The fertility period is generally continuous. Males and females occur
with equal frequency with this species which is a definite indication of
the bisexuality of this species. The average fertility factor is observed
to be 87 percent.

118
VI. SUGGESTIONS FOR FUTURE WORK
The results of an investigation of an aerobic sewage treatment
plant have shown treatment plants to be a significant source of large numbers
of free-living nematodes in surface waters. Treatment plants are continuously
seeded with nematodes along with the raw sewage. These observations would
seem important enough to warrant extension of the study as follows 5
1. Studies should be undertaken to evaluate the various modifica-
tions of the activated sludge process as nematode breeding sites
. It should
also include high rate and low rate trickling filters with various loading
rates „
2„ An investigation should be carried out to determine suitable
methods of removing nematodes from raw sewage. It has been suggested that
immobilization of nematodes in raw sewage followed by chemical coagulation
and settling may be a successful means of preventing nematode seeding in
waste treatment plants
.
3. It has been shown that Diplogasteroides » Diplogaster and Rhabditis
are the predominating genera in waste treatment plants . There may exist a
species or several species of nematodes of sewage treatment plant origin
which may not be capable of adapting to stream environments. Intensive inves-
tigations should be undertaken of the taxonomic distribution of nematodes in
sewage treatment plant effluent and in receiving streams to establish a species
or several species typical of treatment plant origin. Such species may serve
as indication of pollution and their presence in treated water would provide
the personnel of water treatment utilities with sufficient warning.
•*. Studies should be initiated regarding the effectiveness of
present-day water treatment methods in removing nematodes. The possibility
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Of the removal of nematodes in the unit process used to reduce the hardness
in water by chemical precipitation has been discussed. Using waters of varying
chemical, physical, and biological characteristics, and inoculated with motile
and immobilized nematodes, the unit processes of coagulation-sedimentation,
hardness reduction by chemical precipitation, and filtration should be evalua-
ted,,
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TABLE XVII
CORRELATION COEFFICIENTS BETWEEN NEMATODES IN FINAL EFFLUENT
AND WASTE CHARACTERISTICS
Item Unit
Correlation' Coefficients
Noo Activated Sludge Trickling
Mwfa—iamyaaaj
...ffi—Logarithmic
-.14
Filter
Logarithmic Power
-.27
Power
Influent Characteristics
mg/1 -.271 Biochemical Oxygen Demandt
-.10
2 Total Suspended Solidst rag/1 -.04 .00 .18 .28
3 Volatile Suspended Solidst rag/1 -.01 .03 .24 .38
4 Nematode Count no/1 .80 .63 .00 .38
5 Flow*t ragd .61 .64 -.05
.08
Effluent Characteristics
rag/1 -.27 -.16 .176 Biochemical Oxygen Demand .15
7 Total Suspended Solids rag/1 -.30 -.17 .16 .09
8 Volatile Suspended Solids rag/1 -.30 -.17 .20 .13
9 Air Temperature °C -.18 = .42 -.32
-.57
10 Effluent Temperature °C .00 .20 -.25 .31
11 Dissolved Oxygen rag/1 .26 .38 .02 .15
12 pH
.14 .10 .21 .15
13 Alkalinity mg/1 -.02 -.02 .49 .43
li* Chemical Oxygen Demand rag/1 .39 .35 .46 .45
15 Nitrogen - Ammonia rag/1 -.15
-oil .23 .11
16 Nitrogen - Organic mg/1 .12 .16 .07 a XJL
17 Viable Bacteria Count no/ml = .23 = .14 .06 .34
* In the activated sludge system, the flow ratio was used instead of flow
t Data obtained from plant operation
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Intended
2
3
4
5
TABLE XVIII
McILVAINE BUFFER MIXTURE FOR pH 2.0 TO 5.0
ml of
Sol, A
2.00
20.55
38.55
51.50
ml of
Sol. B
98.00
79.45
61.45
48.50
Molarity
After Mixing
ml of Water
Added to
Make 0.1 M
0.1020
0.1205
0.1385
0.1515
2.0
20.5
38.5
51.5
Measured
pH
nriiMr*in tMtvmfmy I—»» it
2.2
3.0
4.0
5,0
o 2M Disodium phosphate (Sol. A); 0.1M Citric acid (Sol. B)
TABLE XIX
SORENSEN BUFFER MIXTURE FOR pH 6 o TO 8.0
0.1 M Disodium Phosphate (Sol. A); 0.1 M Monosodium Phosphate (Sol. B)
Intended
PJL
6
7
8
ml of
Sol. A
12.0
62.0
95.0
ml of
Sol. B
88.0
38.0
5.0
Molarity
After Mixing
0.1
0.1
0.1
ml of Water
Added to
Make 0.1 M
Measured
PH
6.0
7.0
8,0
TABLE XX
SORENSEN BUFFER MIXTURE FOR pH 9.0 TO 12.0
Glycocoll Solution; 7.707g, Glycocoll + 5.85g. NaCl per 1. (Sol. A)
NaOHs 0.1 N (Sol. B)
.an
.
n i ~_^
__
—
ml of Water
Intended ml of ml of Molarity Added to Measured
pH Sol. A Sol. B After Mixing Make 0,.1 M PH
9 80.0 20.0 0.180 80
j-, _.._....
9.05
10 60.0 40.0 0.160 60 9.98
11 51.0 49.0 0.151 51 10.90
12 45.0 55.0 0.145 45 11.92
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TABLE XXIII
EFFECT OF pH ON THE MOTILITY OF DIPLOGASTEROIDES SP,
tt
tt
i»
tt
ti
tt
IT
tt
tt
tt
days
tt
Percentage of Motile Nematodes at pH
Unit ~2" a 4 5 6 7 8 9 10 ll " "T2
,00 hrs. 100 100 100 100 100 100 100 100 "Too" ' 100 "lOO
,08 " 10
,16 "
?t
tt
,25
,40
,00 " 100
,50
,00
74
54
22 96
18
8 77 93 100 100 100 100
64
48 63 100 100 100 100
12
41 92 88 86 90
23 55 66 53 46
10 28 35 31 36
4 9 11 11 10
5 4 4 3
2 1 2 1
10
95
78
60
88 18
10
73
45
20
10
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TABLE XXIV
EFFECT OF pH ON THE MOTILITY OF DIPLOGASTER NUDICAPITATUS
Time
0.00
Unit
hrs.
Percentage of Mot ile 1Nematodes at pH
2 3 4 5 6 7 8
9~"
10 11 12
100 100 100 100 100 100 100 100 100 100 100
0,08 ?? 10
0.16 »»
0.20 ?? 82 86 10
0.40 ?t 52 61
0.60 t» 35 43
0.80 if 12 17
1.00 it 2 10
1.50 It 92 3
2.00 II 81
6.00 I? 94 88 69
12.00 tl 86 81 35
18.00 It 66 57 13
24.00 II 32 100 100 100 100 24
36.00 ri 21 17
42.00 ?? 13 9
2 days 62 67 78 64
3 n 24 21 23 26
4 »t 9 8 11 10
5 19 2 4 3 4
6 ?!
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TABLE XXV
TIME REQUIRED FOR 90 PERCENT AND COMPLETE
IMMOBILIZATION OF THE TWO NEMATODE SPECIES
AT VARIOUS pH VALUES BETWEEN 2 and 12
PH
2
3
4
5
6
7
8
9
10
11
12
Diplogasteroides sp,
time Required for Immobilization
90%
0.08 hrs.
24 ,0 ii
60 >o ?»
6 >o days
7 ,0 it
7 ,0 ti
7 ,0 i»
7 ,0 ••
24,,00 hrs
3 ,00 ii
0,,25 ii
100-
0.16 hrs
30o0 ii
3.0 days
8.0 ii
10.0 •i
10.0 •i
10.0 ii
10.0 ii
30.0 hrs
6.0 •t
0.4 »i
Diplogaster Nudicapitatus
Time Required for Immobilization
100%90 %
,08 hrs
,8 i?
42 ,0 18
4 ,0 days
4 ,0 ti
4 ,0 ••
4 ,0 91
42 ,0 hrs
18.,0 ii
1, ii
0« 2 ii
,16 hrs.
1 ,5 ii
2 ,0 days
6 ,0
6 ,0
6 ,0
6,,0
2,,0
1,,0
2..0 hrs.
0, 4 91
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TABLE XXIX
EXPERIMENTAL PARAMETERS AND RESULTS FOR EFFECT OF pH
AND AGITATION ON GROWTH - DIPLOGASTEROIDES SP.
Culture Flask T-15 T-15 "'t-'IS
Medium (ml) 1.1 1.1 l.l
Growth Condition pH 5 pH 9 Agitation
Nematode Nematode
"" " "
Nematode
HpDays Population pH Population pH Population
2 5.0 2 9.0 2 6,8
1 7 5 3
2 17 10 4
3 28 18 5
4 32 27 9
5 51 42 16
6 7*+ 51 22
7
193
28
8 160 39
9 60
10 312 466 92
11 114
12 820 925 8 9 182
13 263
1*+ 2,145 5,2 2,300 9,0 475
16 5,630 5,8 5,400 1,259 6.8
18 9,980 6.4 9,725 2,988 7 o
20 14,060 6o9 15,050 8 6 5,880 6.9
22 18,175 7„2 22,700 8,800 7.2
24 26,100 7.3 28,100 8 5 12 ,410 7„3
26 30,400 7„3 33,500 8,4 13,220 7,3
28
__
13,530 7o3
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TABLE XXXI
EXPERIMENTAL PARAMETERS AND RESULTS FOR EFFECT OF AREA
OF CULTURE CONTAINER ON GROWTH - DIPLOGASTER NUDICAPITATUS
Culture Flask
Medium (ml)
Water (ml)
Days
30
32
3**
2
1 5
2 10
3 17
4 24
5 38
6 64
7 105
8 150
9 233
10 360
11
12 606
14 760
16 1 ,960
18 3 ,000
20 5 ,400
22 7 ,880
25
27 !
9
10
,540
„690
6,8
7,3
7 5
7,8
8 o
8 2
8 2
8 3
Nematode
Dpulation pH
2 6,8
6
9
13
23
38
48
85
142
222
379
440
560
937
2,189 6,9
4 S200
7,250 7,2
11,440 7 5
26,185 7,5
34,000 7,8
38,100 7o8
39,425 7,8

TABLE XXXII
EXPERIMENTAL PARAMETERS AND RESULTS OF EFFECT OF pH
AND AGITATION ON GROWTH - DIPLOGASTER NUDICAPITATUS
141
Culture Flask T-15 " T-15
—
—y-^-
Medium (ml) 1.1 1.1 lol
Growth Condition pH 5 pH 8 Agitati*on
Nematode Nematode Nematode
Days Population pH Population
_
pH Population pH
5 5.0 2 8.0 2 6.8
1 8 5
2 6 9 3
3 8 18
4 7 21
5 8 40 9
6 50
7 18 5,0 80 30
8 138 60
9 196
10 300
11 77 5.0 405 220
12 463
13 1,708 6,8
14 302 5,0 760 7 9
15 4,980 6.9
16 1,500
17 817 5.3 12,295 7.2
18 2 9 399 8 2
19 19,890 7.2
20 2,000 5.8 6,400 7.9
22 1 8,100 8.0 24,485 7.2
23 ' 3 S 700 6.4
25 i 11 9 3 80 7.8 25,250 7.5
26 6,600 6 8
27 12,160 7.6 23,900 7.9
29 ! 8,700
32 10,550 7,1
35 11,221 7.1
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TABLE XXXIV
REPRODUCTION PATTERN OF TWENTY FEMALE SPECIMENS
OF DIPLOGASTER NUDICAPITATUS
143
Total Eggs
Specimen Fertility Laid per
Number Period Female
days nos,>
1 3 26
2 7 61
3 5 40
4 7 68
5 7 62
6 5 36
7 5 7«+
8 5 44
9 7 105
10 11 109
11 4 38
12 4 38
13 5 48
14 8 84
15 5 38
16 9 144
17 3 37
18 3 26
19 4 76
20 4 46
Female
Nematodes
Born
Female
Nematodes
Fertilized
57 »7
55 .7
52 .5
48 = 5
53 ,2
61 ,1
47 ,3
40 ,9
47 >6
50 ,5
47 4
50 ,0
31 3
51. 2
50,
50,
45, 9
50 =
57, 9
50,
60,
58,
86
72
95
73,5
75.0
100o0
97.7
100.0
100 .0
100,0
95.3
100,0
100,0
100.0
100,0
100.0
100,0
Longevity
days
17
24
23
18
17
17
20
19
21
20
17
16
17
19
18
20
17
17
21
Mean 5.55 60.0 50,0 87,4 19
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TABLE XXXVII
THEORETICAL INCREASE IN NEMATODE POPULATION
Adult Adult Fertile Offspring Total
Days Nematodes Females Females Born Population
2 1 1 2
1 2 1 1 14 16
2 2 1 1 16 32
3 2 1 1 14 46
4 2 1 1 8 54
5 16 8 7 89 148
6 32 16 14 197 345
7 44 22 19 280 625
8 52 26 22 284 909
9 146 73 60 750 1,659
10 343 171 145 1,941 3,600
11 609 304 261 3,675 7,275
12 877 438 380 5,229 12 9504
13 1 ,613 806 700 9,151 21,655
14 3 ,546 1 ,773 1,541 20,297 41,952
15 7 ,127 3 ,563 3,103 42,333 84,285
16 12 ,159 6 ,079 5,292 72,851 157,136
17 21 ,030 10 ,515 9,150 123,261 280 9397
18 41 ,043 20 ,521 17,853 237,106 517,503
19 82 ,626 41 ,313 35,941 483,488 1,000,991
20 153 ,536 76 ,768 66,787 909,886 1,910,877
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